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The etiologic relation of amebe to ehdennle djeentery, ‘while not 
established upon all of the postulates of Koch, is supported by clinical, 
pathologie, and. experimental evidence ‚and has become generally’ ac- 
_ cepted; but, notwithstanding the attention. these parasites have received 
in recent, years, investigators are not agreed upon how ‚many, species are 
parasitic in the intestinal tract of. man, Whether: they. are obligatory 
parasites or whether. amobw from. water or ‘other ‚external sources are 
capable of colonizing in the human intestine, . their. cultivability, on 
artificial media, and the species concerned in the production of amebic : 
dysentery. , i 

The importance of dish questions at issue is gridcni, They concern 
not only clinical and preventive medicine, but involve important financial 
considerations as well. The correct microscopic. diagnosis of, and the 
application of early treatment to, amobic dysentery depends upon our 
ability to identify the pathogenic amœba; and the requirement for 
radically different prophylactic measures as well as the necessity for 
large expenditures to distil, filter, or otherwise treat water from uncon- 
‘taminated supplies in the Tropics so as to kill or remove: the amoeba 
which such water. always contains depend upon whether, or not the 
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The problem is primarily one of species, of the identity of the amcbe 
that have been described by different authors in water, in cultures, in 
stools of healthy persons, and in amwbie dysentery. Anyone who has 
attempted to identify ameb by the descriptions in the literature will 
probably admit that species determination of ihe Amæbidæ is in a chaotic 
state. New species have repeatedly been established upon inconstant 
variations. One stage in the life-cycle of an organism has sometimes 
been described as one species and another stage as a second species. 
Authors, failing to identify the amæbæ in their possession with the in- 
complete descriptions in the literature, have established new species with 
diagnoses as indefinite as those of their predecessors. 

The determination of species of protozoa, it is true, is difficult, not only 
on account of the minuteness and the more or less complicated life-cycles 
of these unicellular organisms, but also because cultural and biologie tests, 
that enable the bacteriologist to determine species with a certainty second 
only to that of the chemist in identifying the chemical elements, have 
a limited application to the protozoa—how limited in their application to 
the parasitic amoebe will be apparent later. Protozoölogists, therefore, 
are forced to rely chiefly upon morphological characters to determine 
species. However, I believe such characters are adequate for the purpose, 
- if a proper discrimination be made between variable and constant charac- 
ters and if all the stages in the life-cycle of an organism be taken into 
consideration. Many of the most obvious morphological characters of 
the vegetative, or trophozoite, stage of amabir, such as shape, size, number 
and shape of the pseudopods, extent of the ectoplasm and contents of the 
entoplasm are classically variable ; on the other hand the characters of the 
encysted stage are relatively constant and usually absolutely diagnostie: 
yet the deseriptions in the literature of most free-living and of many 
of the parasitic species are based exclusively upon the trophozoite, while 
_the more constant and distinctive characters of the cyst have been wholly 
neglected. It has been my experience in studying amæbæ that, if the 
characters of both the trophozoite and the cyst be taken into consideration, 
they can always be separated into species having well-defined morpho- 
logic characteristics. Therefore, it has seemed important to undertake 
a careful comparative study of the amaboid organisms found micros 
copically and culturally in the Manila water supply, in the stools of 
healthy person, and in ameebic dysentery for the purpose of determining 
the genera and species represented, their parasitism, their cultivability on 
artificial media, and their relation to amebie dysentery. 


REVIEW OF TIIE LITERATURE. 


Entameba coli (Loesch) Schaudinn, 1903, is generally considered to be the 
ameba first observed by Loesch in a case of dysentery at St. Petersburg in 1875. 
It was carefully described by Casagrandi and Barbagallo in 1897. Schaudian 
distinguished it from a pathogenic species, Entamaba histolytica, in 1903 and 
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found it in 50 per cent of the stools of healthy persons examined in East 
Prussia, in 20 per cent of the stools examined in Berlin, and in 66 per cent of 
the stools examined in the East Province. Craig (1905) found this species in 
65 per cent of the stools examined from over 200 American soldiers stationed 
at San Francisco, California, and Vedder (1907) found it 
stools of healthy natives in the Philippine Islands. Entamaba coli, as described 
by these authors, is round in the resting stage and opaque gray in color; the 
ectoplasm is scarcely differentiated from and is less refrangent than the non- 
vacuolated entoplasm; the nucleus is distinctly visible in the living ameba, 
is situated near the center of the organism, maintains its relative position in and 
is not deformed by the movements of the ameeba, possesses a thick nuclear mem- 
brane, and contains a relatively large amount of chromatin; its movements are 
sluggish and it does not injest the red blood corpuscles of its host. This 
species reproduces by binary fission and by schizogony into 8. merozoites in 
the vegetative stage, and by sporogomy which is preceded by nuclear reduction 
and antogamy and which results in the formation of 8 sporozoite nuclei in the 
encysted stage. This 8-nuclear sporocyst is the resistant stage of this amaba 
which serves for its transmission to a new host, in the intestine of whieh the 
8 sporozoites are supposed to be developed. Schaudinn (1903) and Craig (1908) 
found Entameba coli non-pathogenic for kittens, Schaudinn infected himself 
twice with the cysts of this species without developing dysentery. 

Entamaba histolytica Schaudinn, 1903, was first described by Jürgens in 1902, 
It was distinguished from Entameba coli by Schaudinn in 1903 and was found by 
this author in the dysenteries of Egypt, China, and Siam, and has subsequently 
been identified by a number of authors in the dysenteries of different countries. 
This species, in contrast to Entamæba coli, is oval in the resting amaba and trans- 
parent or greenish in color; the ectoplasm is hyaline, viscid, distinct from and 
more refrangent than the vacuolated entoplasm; the nucleus, scarcely, if at all, 
visible in the living ameba, is eccentric in position, frequently changes its 
relative position’ in and is readily deformed by the movements of the ameba, 
possesses no limiting membrane, and is very poor in chromatin; its movements 
are active and it frequently injests the red blood corpuscles of its host. En 
tamæba histolytica reproduces by binary fission, budding, and by the formation 
of spores which contain chromidia derived from the nucleus and which are budded 
off from the surface of the ameba. These spores become surrounded by a hard, 
impervious membrane and constitute the resistant stage that serves for the 
transmission of this species to a new host. Multinuclear cysts are not developed 
in the life-cycle of this ameba. Schaudinn (1903) and Craig (1908) found this 
species to be pathogenic for kittens. Craig obtained dysentery in 50 per cent 
of these animals by rectal injection and in 66 per cent by feeding dysenteric 
“stools, and lesions characteristic of amebic dysentery and containing -motile 

i ica were found at the necropsies. ; 
Roco oiii ilan was observed by Castellani (1905), together with en- 
tamebze having the characteristics of Entamaba histolytica, in a case of ehronje 
dysentery followed by abscess of the liver in a European at Colombo, Ceylon. This 
species is characterized by a single, long, narrow pseudopod, which is shot out from 
the body at short intervals and quickly withdrawn, and by an undulating mem- 
brane. No observations upon its life-cycle or pathogenicity are recorded, mr, 

Paramaba hominis was found by Craig (1906) B the stools of 6 natives in 
the Philippine Islands in which diarrhea, associated in 3 cases with nur 
of a small amount of blood, was the only symptom. This species P edi e 
distinct ectoplasm, the capacity for ingesting red blood corpuscles, and the ac vis 
motility of Entameba histolytica, but the size, nuclear structure, and encyste 
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stage of Entamoeba coli; while it differs, according to Craig, from both: species 
in its life-cycle. Besides simple division there is a development of spores within 
a cyst which are set free as small flagellates. The cycle is completed by the 
development of these flagellates into amable, This organism is believed by 
Craig to be responsible for the diarrhea from which the patients suffered. 

Entamaba tetragina was first observed by Viereck (1907) in 2 cases of dysentery 
from India and designated by him as Entamaba tetragina. At nearly the saine 
time Hartmann (1907) found this ameba in 11 cases of dysentery from Southwest 
Africa, and South America, He considered it to be distinct from Entanaba 
histolytica and gave to it the name Entamaba africana; but subsequently, becoming 
convinced of the identity of this nmeba with that of Viereck, he withdrew the spe- 
cific name africana in favor of the prior name, tetragina Viereck. Werne {1908} 
has also found this species in 9 cases of amabic dysentery from Africa, More re- 
cently Whitmore (1911) has found it to be a common species in the dyaenteries of 
the Philippine Islands and Indo-China. Entamaba tetragina, according to these 
authors, has the distinct, refrangent ectoplasm, the vacuolated éntoplasm, the active 
motility, and the pathogenicity of Entamarba histolytica; but the distinct nucleus 
with a thick, nuclear membrane and rich in ehromatin, characteristic of Entamaba 
coli, However, the nucleus of this species shows an arrangement of chromatin 
which, according to Hartmann, is characteristic and which serves to distinguish 
the vegetative stage from that of both histolytica and coli. In addition to tlie 
peripheral chromatin there is constantly present a small caryosome which exhibits 
cyclical changes and which in its most characteristic stage is made up of a 
minute centriol and a concentrie ring of chromatin granules separated by an 
achromatic halo. This species, moreover, resembles Entamaba coli in its life 
cycle. There is a sporogony in the encysted stage, but with the difference thät 4 
instead of 8 nuclei are developed in the sporo-cyst. Entamaba tetragina is 
considered to be a pathogenic species by all three authors. Hartmann found it 
pathogenie for kittens, but considers it less pathogenic than Entamaba histolyticd. 
Sections of the intestine of experimentally infected animals showed a typical 
uleerative dysentery. : 

Entamaba minuto was found by Elmassian (1909) in a case of recurrent 
dysentery in a European who had resided in Paraguay, South America. It pos 
sesses in the living ameba the indistinet nucleus of Entamaba histolytica; but the 
absence of a distinct cctoplasm, its sluggish movements, and its reproduction 
by sporogony in the encysted stage are characteristic of Entamaba coli; and 
it is distinguished from both these species by its small size, averaging from BR 
to 14 microns in diameter, and by the development of 4 instead of 8 nuclei in the 
sporocyst. In this latter particular it corresponds with Entamaba ‘tetragina 
Viereck. Elmassian believes that both Entamaba minuta and Entamaba coli may, 
under” certain conditions, become pathogenie. 

Entamaba nipponica was observed by Koidzumi (1909) in’ Japan, at first 
together with Entamaba histolytica in advanced cases, later in early cases of 
amebie dysentery, and also in dysentery of bacillary origin. This species cor- 
responds with Entameba histolytica in possessing a well differentiated ectoplasm, 
a vacuolated entoplasm, a thin nuclear membrane, and the capacity for injesting 
red blood corpuscles, but with Entamerba coli in the richness of its nucleus in 
chromatin and in reproduction by schizogony in the vegetative stage; but it 
differs from all other species hitherto described in the arrangement of the 
chromatin in the forms of 3 to 8 discrete clumps on the inner surface of the 
nuclear membrane. Sporogony in the eneysted stage was not observed. This 
species is considered non-pathogenic by Koidzumi. 
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i Akashi (1911) has recently described 4 species of amebm parasitic in the 
intestinal tract of man in Japan. Two of these are considered by this author 
as probably identical with Entamaba coli and Entameba histolytica respectively ; 
one he designates as Entamoba tetragina, but states that he does not consider 
it identical with the tetragina species of Viereck; and the fourth is said to 
be a new species which the author does not designate by name. The deserip- 
tions of these species are in Japanese with a brief abstract in German. The 
chief point of interest in the inadequate descriptions (in German) ia that re- 
production takes place by “schizogony” in the encysted stage in the two latter 
species, with the formation of 4 nuclei in “Entameba tetragina” and the number 
of nuclei not stated in Entamaba sp. 

Musgrave and Clegg (1904) succeeded in producing a disease in monkeys 
and man having the symptoms and lesions characteristic of amebic dysentery 
by introducing into the intestinal tract of the experimental animals cultures 
of amebm grown in symbiosis with pure cultures of bacteria on an alkaline 
agar medium consisting of beef extract 0.3 to 0.5, sodium chloride 0.3 to 0.5, 
agar-agar 20.0, distilled water 1000.0, and made 1 per cent alkaline to phenolph- 
thaleln, not only from cases of amebic dysentery but also from lettuce and from 
the Manila water supply; and they were able, in certain cases at least, to recover 
in cultures amebe from the experimentally infected animals. These authors, 
therefore, concluded that any ameba may become pathogenic when introduced 
into the intestinal tract of man. 

Lesage (1905) cultivated an ameba in 7 out of 30 cases of ammbic dysentery 
on a culture medium consisting of agar which had been washed for à, week in large 
quantities of distilled water and on which the growth of bacteria was largely 
inhibited. This ameba presented many of the characters of Schaudinn’s patho- 
genic Entamaba histolytica and is believed by this author to be the’ pathogenic 
species. Lesage in a subsequent paper (1907) states that leucocytic extract is 
a particularly suitable medium for the cultivation of the pathogenic. amebe. 
This medium is prepared from the leucocytic exudate of the guinea pig. The 
exudate is kept on ice for 24 hours and then centrifugated. The clear, super- 
natant fluid is employed as the culture medium. In this medium Lesage cultivated 
amebe from cases of amebie dysentery which were pathogenic. In 1908 Lesage 
cultivated a non-pathogenic ameba from the intestinal tract of man in the Tropics, 
which is said to represent several varieties, and which this author considers to 
be the non-pathogenic species of tropical countries, distinct from the non-patho- 
genie Entamaba coli of temperate climates, and to which he gave the name, 
Entamecba tropicalis. i M TOU 

Walker (1908) cultivated amæbæ in symbiosis with bacteria on Musgrave and 
Clegg's medium, from the intestinal tracts of a large number of animals. These 
amobm included one species designated as Amaba hominis from man. These 
‘cultures were made post-mortem from the intestines of the animals and were 
` consequently believed to be true parasites. ! Pra um 

Gauducheau (1908) cultivated an ameba, Entamaba phagocjtoides, from a 
case of ammbie dysentery in Hanoi, Indo China, on ordinary agar, potato, and 
other media inoculated with Bacillus typhosus or other bacilli. “This ameeba 
ingests red blood corpuscles, ch by binary and multiple fission, and pro- 

irilla-like bodies in its eytoplasm. d 7 
a e aie to series an ameeba three times from ainebie liver- 
abscesses and in five out of seven attempts from dysenteric stools in Indo China 
ir culture medium 0.5 per cent alkaline to plenolphthalein! ` The same 


on an aga i » EH 
: A This amæba differs in its morphology 
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and life-cycle from Entamaba coli, Entamwba histolytica, and Entamarba tetra- 
gina. Noe believes this amaba to be the cause of the amobie dysentery and 
liver abscesses of that country. The cysts of this amaba, he says, are especially 
abundant in the surface: waters of Indo China during the rainy season which 
corresponds with the exacerbation of endemic dysentery. However, he was unable 
to produce dysentery in kittens or monkeys with his cultures from water or dysen- 
terie stools. 

Werner (1908) was unable to obtain vegetative forms of either Entamaba 
histolytica or Entamoeba tetragina, but did secure growth and cyst formation of 
Amoeba limaz, a common water ameba, in his cultures from dysenteric stools on 
Musgrave and Clegg's medium. Therefore, he is of the opinion that the amaba 
cultivated by Musgrave and Clegg (1904), Walker (1908), and others from the 
intestinal tract of man and other animals are cysts of similar free-living amebe 
which have been ingested with water or food, have passed unchanged through the 
intestine, and have found conditions favorable for development when the fæces 
have been placed on the culture medium. 

Whitmore (1911) has also come to the conclusion that the amæbæ cultivated 
by him at Manila from dysenterie stools are free-living amabæ of the limar 
type and not parasitic amabıe. 


AM(DBZE IN THE MANILA WATER SUPPLY. 


In consideration of the somewhat general belief in the Orient that 
the amcebe: in the water are the source of infection in amebic dysentery, 
and in consequence of the cultural and experimental work of Noc 
(1909) Williams and Gurley (1909), and especially of Musgrave and 
Clegg (1904), who state that they have produced dysentery in monkeys 
and man with amecbe cultivated from the Manila water supply, it has 
seemed desirable that a study be made of these for comparison with 
those found in the intestinal tract of man. 


The Manila water supply comes from an uninhabited watershed of the Mari- 
quina River and its tributaries. The water is stored in a reservoir on the water- 
shed by a dam constructed across a narrow gorge in the Mariquina Valley at 
Montalban about 24 kilometers from Manila. It is conducted from this reser- 
voir in closed water-mains to Manila, where it is distributed in branch mains 
and pipes to the various taps in the city. The water, therefore, is presumably 
free from fæcal contamination and should contain only the normal nmobie fauna 
of that watershed. 

Samples of this water have been colleeted at different times from different 
taps in Manila for examination. In each case about 200 cubic centimeters of 
the water have been drawn directly from the tap into a sterile Erlenmeyer flask 
and about 2 cubic centimeters of ordinary nutrient bouillon added to enrich it 
and favor the multiplication of organisms present in the sample. The flasks, 
plugged with sterile cotton, were kept at room temperature and the contents 
examined from day to day for amebx. In two or three days a scum forms on 
the surface of the water which, if examined microscopically, will be found to 
consist of bacterial and protozoan growth, among the latter amabe are usually 
present. If a loop-full of this material containing amebe be transplanted to 
the surface of solidified Musgrave and Clegg’s medium in a Petri dish an abundant 
growth of amæbæ will be obtained in a few days. 
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Twenty-five samples of tap water from the Manila supply have been 
examined microscopically, after enriching and incubating at room tem- 
perature, and by cultures made on Musgrave and Clegg’s medium. As 
the study of the parasitic amœbæ progressed it became apparent that 
it was unnecessary to examine a larger number of samples, to con- 
centrate the amebic fauna by filtration of large quantities of the water, 
or to study the amæbæ from other surface waters, as had been originally 
intended. In 23 out of the 25 samples of water amebm were found 
microscopically and culturally. In addition to these 23 cultures of 
amebzx, one culture isolated by Dr. A. W. Sellards in tho Biological 
Laboratory of the Bureau of Science, and one isolated by Dr. E. B. 
Vedder at the Division Hospital of the United States Army from the 
Manila water supply have been studied. : 

Of these 25 cultures of amœæbæ, twenty-four have been found to be 
of one and the same species (Plate I, figs. 1 and 2); one culture was 
a distinct species (Plate I, fig. 3). Both species appear to belong to 
the so-called limaz group of water amcebe, but because of the imperfect 
descriptions I have not attempted to identify them with the names 
in the literature, or to add to the confusion by giving them new names; 
nor is it necessary; it is sufficient for our purpose to determine the 
generic characters of these two species. This type of ameeboid organism 
(figs. 1 to 3) is characterized by an ameeboid trophozoite in which the 
nucleus is situated centrally in the resting organism and in which the 
chramatin of the nucleus is collected into a relatively large and dense 
karyosome that is surrounded by an achromatic halo, which possesses with 
rare exceptions, a contractile vacuole, and which reproduces by binary 
fission and by spore-formation (Walker, 1908); by an encysted stage 
that has a single nucleus of the same structure as that of the trophozoite, 
and in which no reproduction takes place; and by multiplying and 
encysting freely upon artificial culture media. These characters are 
those of the genus Amaba Erenberg of which Amaba protens Leidy is 
the type species. 


AMCEBA CULTIVABLE FROM THE INTESTINAL TRACT OF MAN. 


The material from which these cultures have been made has consisted 
of fresh stools containing amoeb» from 113 healthy persons or persons 
suffering from diseases other than amoebic dysentery, and from 21 cases 
of amoebie dysentery, and pus containing ameb» from 2 cases of ameebic 
liver-abscess, obtained from the drainage tube after operation and, also, 
in one of the cases, post-mortem from the infected liver. This material 
has been obtained chiefly from the hospital of Bilibid Prison, but in 
part from the different hospitals in Manila. I am indebted to the 
physicians in charge of these hospitals and to several of my colleagues 
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in the Bureau of Science for the opportunity and for the assistance in 
obtaining it. 

` The culture medium employed has been for the most part the standard medium 
of Musgrave and Clegg (1904). Several modifications of this medium have 
been tried, including the substitution of nutrient bouillon, peptone, dextrose, or, 
peptone &nd dextrose for the beef extraet, and leaving out the salt and nutrient 
substances altogether. The cultivable amæbæ appear to grow equally well on 
any of these media. The methods employed in making these cultures and in 
isolating pure cultures of the amebe are those devised by Musgrave and Clegg 
(1904) and by me (Walker 1908) and are sufficiently well known not to need 
repetition here. It has not been considered necessary in this morphologie study 
to isolate the pure cultures of amobie with pure cultures of bacteria. 

‘two hundred and seventy-nine cultures have been made from the stools 
of 113 cases of amebiasis without symptoms of dysentery, 158 cultures 
from the stools in 21 cases of amebic dysentery, and 27 cultures from 
the pus of 2 cases of amebic liver-abscess, in all 464 cultures from 136 
cases of amebiasis. These cultures have been made in every case from 
fresh material in which living amwbæ had been demonstrated micros- 
copically, usually in the motile condition, sometimes encysted, and often 
in large numbers. 

Growth of amceb in the cultures was obtained in 6, or 5.3 per cent, 
of non-dysenteric cases, and in 2, or 9.2 per cent, of the cases of amobic 
dysentery. All of the 27 cultures from the 2 cases of amabie liver-abscess 
were negative. Growth of mastigamoebw, flagellates, and ciliates was 
obtained in the cultures from several of the cases, In addition to these 
S cultures of amceba grown by myself from the intestinal tract of man, 
one culture isolated by Dr. E. B. Vedder from a non-dysenterie stool 
at the Division Hospital in Manila, one culture isolated by Dr. Marshall 
A. Barber from a case of diarrhea in Kansas, one stock culture in the 
Biological Laboratory of the Bureau of Science from a case of amebic 
dysentery, and one culture isolated. by Musgrave and Clegg (1904) from 
a case of ameebic dysentery in Manila have been available for study. 

A study of these 12 cultures has disclosed 5 well defined species (Plates 
II and III). Among the 8 cultures from persons showing no symptoms 
of dysentery there are 4 different species. Among the 4 eultures from 
cases of ameebic. dysentery as many different species are represented. of 
the latter, amoeba 8 is the same species as amebe 1 and 20,850 from 
non-dysenteric stools (Plate II, fig. 4) ; amoeba 14,965 is the same species 
as ameebe 7, 7,658, and 20,998 from non-dysenterie stools (Plate II, fig. 
5); and amaba 7,671 is the same species as the ameeba isolated by Barber 
from a case of diarrhoea in Kansas (Plate II, fig. 6 and Plate III, fig. 1). 
Ameba 9 grown from à non-dysenteric stool and amoeba “L” isolated 
by Musgrave and Clegg (1904) from a dysenteric stool (Plate III, fig. 8) 
are noi duplicated. among ‘the zultures... However, amaba 9 is of the 
same species as the amaba cultivated from 22 out of 25 samples of water 
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from the Manila water supply (Plate I, figs. 1 and 2). For reasons 
already stated no attempt has been made to identify these species with 
species named ‘in the literature; it is sufficient for our present purpose, 
as in the case of the water amabo, to determine the genus to which they 
belong. All 5 species cultivated from both non-dysenteric and dysenteric 
stools possess the characters of the genus Ameba Ehrenberg described in 
the previous section (Compare figs. 1 to 3 with figs. 4 to 10). 


AMCEBE FOUND MICROSCOPICALLY IN THE INTESTINAL TRACT OF MAN. 


This part of the investigation has included a mieroscopie study of the 
living amoebze in the fresh stools from 142 cases of ammbiasis without 
symptoms of dysentery, from 28 cases of amæbic dysentery, and in the 
pus of 2 cases of ameebic liver-abscess; of fixed and stained preparations 
from 21 cases of amebiasis without symptoms of dysentery and from 
16 cases of ameebic dsentery; and in sections of the intestine in 1 case 
of amoebic dysentery, and of the liver in 2 cases of amebic liver-abscess. 
lam indebted to Dr. E. R. Stitt of the United States Naval Hospital, 
Caüacao, Cavite, for a section of one of the cases of amoobic liver-abscess 
and to Dr. V. L. Andrews of the College of Medicine and Surgery, Uni- 
versity of the Philippines, for sections of the other case of amebic liver- 
abscess and sections of the intestine from a case of amabic dysentery. 

The stools have been studied fresh in ordinary cover-glass and slide prepara- 
tions. Stained preparations of the faces and of the pus from liver abscesses have 
‚been made by spreading thin smears on cover-glasses, floating them “wet” on the 
‚surface of Zenker’s fluid for 5 minutes, washing in water until the fixing fluid 
is removed, staining 5 minutes in aqueous alum hematoxyhn, washing in distilled 
water, dehydrating in different grades of alcohol, clearing in oil origanum, and 
mounting in xylol balsam. I have found Zenker's fluid preferable to Schaudinn’s 
aleohol-eorrosive-sublimate mixture as a (xative for amebe. Aqueous alum 
hematoxylin has proved a more precise stain for the chromatin of amobz than 
iron hematoxylin or any other stain that I have tried. The sections from one 
ease of amebic live-abscess were stained with iron hematoxylin, and from the 
other case of liver abscess and from ihe dysenteric intestine with hematoxylin 
and eosin, 3 ` ` 


One type of ameboid organism has been found exclusively in all of 
this material (Plate IV, figs. 9 to 12 and Plate V, figs. 13 to 16). This 
differs from the Amaba type found in the Manila water supply and culti- 
vable from the intestinal tract of man in certain fundamental morpho- 
legical and biological characters. The trophozoite lias the nucleus situated 
excentrically instead of centrally in the resting organism ; the chromatin 
‚is arranged peripherally instead of centrally in the nucleus; there is no 
contractile vacuole; reproduction by sporulation does not occur; and 
multiplication does not take place on ordinary artificial media. The 
“eyst contains + or 8 nuclei instead of a single nucleus; a reproductive 
"process takes place in the cyst; and encystment occurs only in the body 
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of the host (Compare figs. 1 to 8 with figs. 9 to 16). 1 believe, the 
characters of this type of amaboid organism are sufficiently distinct from 
the Ameba type to justify the establishment of the new genus, Entamaba, 
by Casagrande and Barbagallo (1897) and its adoption by Schaudinn 
(1903). This genus should include the parasitic amaba of man and also 
the parasitic amocbw that have been described in certain lower animals, 
namely: Entamaba ranarum (Grassi) Dobell, 1908, in the frog, Enta- 
maba testudinis Hartmann, 1910, in the turtle, Entameba muris (Grassi, 
1881) Wenyon, 1907, in the mouse, and Entamaba nutalli Castellani, 
1908, in the monkoy. 

What, then, is the significance of the species of the genus .L mala cul- 
tivable from the intestinal tract of man and other animals? 

These cultivable amebe might be considered parasitie entamæbæ that 
had undergone modification by their growth on artificial culture media. 
It scems possible that such a change in environment might modify some 
of the less constant morphologie characters of these organisms, such as 
size, shape, number of pseudopods, extent of the ectoplasm, and granula- 
tion or vacuolization of the entoplasm ; but that it could cause a complete 
reorganization of the structure of the nucleus, develope de novo such a 
constant organelle as a contractile vacuole, or profoundly modify the 
life-cycle of the organism appears doubtful. Moreover, that the supposed 
modification resulting from cultivation on artificial media should in- 
variably take the form of a change from the characters of the genus 
Entameba to those of the genus Amaba is, to say the least, improbable. 

It might be claimed that, owing to some fault in my technique, I had 
failed to cultivate the parasitic entameebe. Among my cultures are 
four isolated by as many different investigaters, other than myself, two 
of which are from cases of amabie dysentery and one of these isolated: 
by Musgrave and Clegg (1904) 3 all of these cultures, like my own, are 
of the Ameba type. Werner (1908) failed to cultivate entamebe from 
cases of amoebie dysentery. Dobell (1908) and Weryon (1907) also 
, were unable to cultivate on artificial media the entameebe which they 

found in the intestines of lower animals. An examination of the de- 
scriptions and illustrations of amabeid organisms cultivated by different 
authors shows in every case organisms not of the Entamaba but of the 
Amaba type. 

There still remains the possibility that the cultivable amæbæ, as well 
as the non-cultivable entamebm, are parasitic in the intestinal tract of 
man. Since, however, organisms of the Ameba type are not found in 
the microscopie examination of fresh or stained preparations of faces, 
liver-abscess pus, or in sections of liver or intestine, it seems probably | 
that the amaboid organisms cultivated by Musgrave and Clegg (1904), 
Lesage (1905, 1908), Gauduchea (1908), and Noe (1909) from the 
intestine and liver abscesses of man, and by myself (Walker 1908) from 
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the intestine of man and other animals, are at most only temporary com-. 
mensals in the intestinal tract, and more probably that they are, as Werner 
(1908) has suggested, only cysts of free-living amæœbæ which have been 
ingested with water or food and have passed unchanged through the 
intestinal canal. 

The entameebe found in the stools of healthy persons or of persons 
suffering from disease other than dysentery present characters that 
correspond in part with those of Hntameba coli Schaudinn and in part 
with those of Entameba nipponica Koidzumi. In stools of such persons, 
in which there exists a natural diarrhoea or diarrhoea induced by a 
cathartic, the vegetative or trophozoite forms are commonly present. 
The living trophozoite is rounded in the resting condition, 7.5 to 34.5 
» in diameter, oval, ligulate or irregular when in motion, and porcela- 
neous and refrangent in appearance. The ectoplasm is ordinarily visible 

. only in the pseudopods. There is no contractile vacuole and the ento- 
plasm is normally free from all vacuolization. The nucleus is distinctly 
visible in the living entameeba. It occupies an eccentric position, but in 
the rotation of the rounded entameeba the nucleus frequently appears 
central in optical section. It has the form of a rather heavy ring of 
refrangent material, that may be of uniform or of irregular thickness, 
whieh surrounds a non-refractive nucleoplasm and within which there 

. may or may not be present a few refractive granules. The movements of 
these entamoebo are sluggish, even in fresh stools and they quickly loose 
all motility in cold stools. a 

In preparations fixed wet and stained with aqueous alum hematoxylin 
the trophozoite shows a deeply-staining granular cytoplasm, usually 
without distinction from the ectoplasm. _ Occasionally a narrow rim of 
homogeneous, more feebly-staining ectoplasm is present. The ringform 
nucleus is seen in optical section to consist-of a nuclear membrane en- 
closing an archromatic nucleoplasm and a relatively large amount of chro- 
matin. Two varieties in the distribution of the chromatin in the nucleus 
can be distinguished. In the first of these the chromatin appears in 
optical section as a continuous, segmented or granular ring of approxi- 
mately uniform thickness about the inner surface of the nuclear membrane, 
with or without some granular chromatin scattered in the nucleoplasmic 
network or collected in a small karyosome. This variety corresponds 
with the coli species of Schaudinn (fig. 9). In the second variety the 
chromatin is collected in several discrete clumps on the inner surface of 
the nuclear membrane. This variety corresponds with the nipponica 
species of Koidzumi (fig. 10). . 

Reproduction in the trophozoite appears to take place exclusively by 
simple division. I have scen no evidence of a schizogony, such a de- 
scribed by Schaudinn in Entamaba coli and by Koidzumi in Entamaba 
nipponica, in either fresh or stained preparations. 
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In non-dysenteric stools that have become formed encysted entamebe 
make their appearance. These cysts (fig. 11) are developed, as in the 
case of the order Coccidiida, only in the intestinal tract of the host, and 
not in the evacuated faces. If the process of encystment has already 
begun before the entameba are passed in the stool the development of 
the cysts may continue outside of the host; but motile and resting enta- 
mobw quickly degenerate and disintegrate in cold stools. ‘The mature 
cysts usually contain 8 nuclei of the same structure, but smaller and poorer 
in chromatin than the nuclei of the trophozoite; cysts containing more 
than S nuclei are occasionally seen. Whether such cysts represent a dif- 
ferent species or variations in the same spccies, it is dificult to say. In 
the development of these cysts Schaudinn described a complicated series 
of nuclear changes, including an autogamous copulation of reduced nuclei, 
that preceded the formation of the 8 nuclei in the mature cyst. Such a 
reproductive process would constitute a sporogony comparable with that, 
taking place in the order Coccidiida. The mature cyst would correspond 
with the sporocyst and the nuclei to the nuclei of the 8 sporozoites that 
are supposed to be developed when the cyst reaches the intestine of a new 
host. However, I have been unable to observe any stages in the develop- 
ment of the 8 nuclei in the cysts which could be interpreted otherwise than 
straight-forward nuclear division. Dobell (1909) has come to the same 
conclusion from his study of the development of the multinuclear cysts of 
Entameba ranarum. If this interpretation of the process be correet then 
it must be considered either as a schizogony in which the cyst would be 
a schizoeyst and the 8 nuclei the nuclei of the merozoites that are devel- 
oped in the intestine of the new host; or possibly as a gametogony, com- 
parable to that occurring in the order Gregarinida, in which the 8 nuclei 
would constitute the nuclei of gametes that are formed and which 
copulate in the intestine of the new host. ` : AN 

Entamebe of the coli and nipponica varieties have been observed only 
in the stools of healthy persons or of persons suffering from diseases 
other than dyéentery; but it is possible that they might occasionally be 
found associated with another type of entamarba, about to be described, 
‚in dysenteric stools. In such cases they would represent double infec- 
tions. Of the two varieties the coli is found much the more frequently. 
The nipponica variety may be encountered alone, ‘alternating with the 
coli variety in different stools of the same patient, or associated with the 
coli variety in the same stool. Transitional forms between the two 
varieties are frequently seen, and the 8-nuclear cysts have been found 
associated with both the coli and the nipponica varieties of entameha. : 

The entamocbee found in the stools of cases of amcebie dysentery, in 
the pus of amoebic liver-abscesses, and in sections of dysenteric intestines 
‘and of. amabic liber-abscesses, present certain morphological differences 
from the entamebe found in: non:dysenterie stools which :appear to be 
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fairly constant, and which in their sum serve to distinguish the enta- 
maæbæ from the two sources. The characters of the entamabe from 
dysenteric material correspond in part with those of Entamaba histoly- 
tica Schaudinn, in part with those of Entanucba tetragina Viereck and, 
under certain conditions, with those of Eniamaba minuta Elmassian. 
The trophozoites in fresh stools in acute dysentery are usually, but not 
invariably, larger, more often oval in the resting condition, and more 
hyaline and less refrangent in appearance than the trophozoites from 
normal stools. The cytoplasm is uniformly hyaline in appearance with 
no distinction between ectoplasm and entoplasm.. It contains-a variable 
amount of granular material and often red blood corpuscles of the host 
as inclusions which, when collected near the center of the organism, leave 
a hyaline periphery that has the appearance of an extensive ectoplasm 
described by other authors. There is no contractile vacuole and the 
entoplasm is normally free from other vacuoles; it is only following 
changes in temperature or tonicity of the medium or. in consequence of 
degenerative changes that vacuolization is present. The position of the 
nucleus is eccentric, and in the more actively motile entamah in d'en 
teric stools the nucleus more frequently changes its relative position 
and is more subject to pressure that tends to deform it than the nucleus 
of the more sluggish entameeba in normal stools. The nucleus, in con- 
trast to entamabz of the coli and nipponica varieties, is usually distin- 
guished with difficulty in the living trophozoite. Contrary to Schaudinn 
I distinguish a thin but distinct nuclear membrane. This membrane 
encloses a homogeneous nucleoplasm which is slightly less refrangent than 
the surrounding cytoplasm and which contains a small amount of gran- 
‘ular material arranged about the inner surface of the nuclear membrane 
and scattered in the nucleoplasm. In consequence of this thin peripheral 
layer and the low index of refraction of the nucleoplasm the nucleus hax 
the appearance of. an extremely pale vacuole and is distinguished with 
difficulty, especially in motile or vacuolated entamebe. These entamwbe, 
in contrast to those of normal stools, exhibit an active motility in fresh 
stools which often persists in cold stools several hours old. 3 
“In preparations that have been fixed wet in Zenker’s fluid und stained ' 
with aqueous alum hematoxylin the trophozoite in dysenteric stools usually 
stains feebly and’shows a reticulated rather than a granular structure 
of the cytoplasm with no distinction between ectoplasm and entoplasm. 
In the stained preparations the difference in the appearance of the 
nucleus from the nucleus of entamab» in non-dysenteric stools is seen 
to be due to the much smaller amount of chromatin in the nucleus of the 
dysenterie entamebe. Two varieties in the distribution of the chromatin 
can be distinguished. In the one the chromatin is extremely scanty and 
is arranged as.a barely perceptable layer about the inner surface of the 
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nuclear membrane, with or without a minute karyosome or a few scattered 
fragments in the nuclear-network. This variety corresponds with the 
histolytica species of Schaudinn (fig. 12). In the second variety the 
chromatin is rather more abundant and is arranged in part as a loose 
granular layer, that frequently shows radial projections, about the inner 
surface of the nuclear membrane, and in part as a loose central karyosome 
which, in its most typical form, consists of a minute centriol surrounded 
by an achromatic halo that is bounded by a circle of chromatin granules. 
This variety corresponds with the efragina species of Viereck and Hart- 
mann (fig. 13). 

During the active phase of amabie dysentery only the trophozoites 
of these entamabe are present in the stools. With aqueous alum hema- 
toxylin, which is an extremely precise stain for the chromatin of enta- 
mebe, only stages of binary fission have heen observed. I have been 
unable to find any of the chromidial stages that are said by Schaudinn, 
Craig and Hartmann to precede the formation of spores in Entamaba 
histolytica. It scems possible that the use of iron hematoxylin or other 
less precise chromatin stains may have resulted in mistaking bacteria or 
protoplasmic granules for chromatin. I have not observed any of the 
later stages of the formation of the spores or the free spores in either 
fresh or stained preparations. 

When the acute symptoms in untreated dysentery have passed and the 
stools of the patient are becoming normal the trophozoites become smaller, 
Jess actively motile and more rounded in the resting forms, and the 
chromatin becomes more abundant in the nucleus, These changes are 
preparatory to the development of the cysts. Such forms resemble the 
minula species of Elmassian (fig. 14). Finally, encysted forms contain- 
ing 4 nuclei appear which may persist for an indefinite period or until 
the patient suffers an exacerbation of the acute symptoms. Thus in 
amæbic dysentery 6,442 there appeared in the stools on January 30, 1911, 
a considerable amount of mucus and pus streaked with blood. On Jan- 
uary 31 the stools wére partly formed and partly fluid, consisting of 
mucus, pus, and blood and containing many ameboids, resting and 
encysting entamebe. The amoeboid and resting entamebs were small 
but with the histolytica type of nucleus, the encysted forms were the cysts 
of the tetragina type containing 4 nuclei. The symptoms abated without 
treatment, the stools became normal, and the patient has had no recurrence 
of the disease; but the cysts containing 4 nuclei have persisted in the 
stools up to the present time (August 23, 1911). Still more instructive 
is the following chronic case, ameebie dysentery 5,748, which came down 
with a typical attack of amoebic dysentery on April 29, 1911, with mucus, 
pus, and bloody stools containing many large entamæbæ of the histolytica 
type (fig. 12). ‘The patient was put under treatment to which he 
promptly responded, the symptoms abated and the stools became normal. 
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Cysts of the fetragina type then appeared in the stools. ‘On June 1 the 
patient suffered a relapse with some mucus, pus, and. blood in the stools 
and typical Entameba histolytica were present in the stools. This condi- 
tion has persisted intermittently in spite of treatment with ipecae until 
August 1 when the stools became free from mucus and blood. On August 
7 they had become formed and the 4-nuclear cysts again appeared in the 
fæces, 

The cysts containing 4 nuclei found in the stools of cases of amoebic 
dysentery, like the cysts containing 8 nuclei in non-dysenteric stools, are 
developed only in the intestinal tract of the host and not in the defecated 
stools. They differ from the S-nuclear cysts in non-dysenterie stools, 
not alone in the different number of nuclei contained in the mature 
eysts, but, also, in a number of other particulars. The cysts are smaller; 
the nuclei are larger and contain more chromatin; the multiplication of 
the nuclei appears to take place earlier in the encystment of the entameba, 
often even in the amaboid stage; the cyst wall, although equally im- 
perveous to stains, appears not to be so thick or well defined; and the 
encysting entamaba more frequently contains elongated refrangent bodies 
which stain deeply with iron hematoxylin, but which do not stain with 
the more precise aqueous alum hematoxylin, and which, therefore, are 
probably protoplasmic or foreign bodies rather than chromatin. (Com- 
pare fig. 11 with fig. 16.) In the development of these cysts, as in the 
development of the cysts from non-dysenteric stools, no indication of 
nuclear reduction and autogamy such as is described by Hartmann in the 
development of the cysts of Entameba tetragina, have been observed, but 
only uncomplicated nuclear division (figs. 14 to 16). If these observa- 
tions be correct then these cysts, like the cysts of Hntameba coli, would 
have to be considered either schizogenic or possibly gametogenic rather 
than sporogenic. 

Entamebe of the histolytica and the tetragina varieties have been 
found only in the stools or tissues of persons suffering from or having a 
history of amabic dysentery. The histolytica type I find, contrary to 
Whitmore (1911), to be the more common variety in the dysenteries 
of Manila. The tetragina variety when found, invariably has been asso- 
ciated with the histolytica and transitional forms between the two 
varieties are common. Moreover the tetragina cysts, as the protocols of 
the above cited cases show, have been found associated with pure his- 
tolytica infections. 

In view of the observations that have been presented in detail in thes - 
preceding pages I am of the opinion that, although several of the varieties 
of entameba hitherto described are represented, only two well defined 
species are found parasitic in the intestinal tract of man. One of these 
species includes the coli variety of Schaudinn and the nipponica variety 
of Koidzumi. This species is characterized by its porcelaneous and 


274 WALKER. 


refrangent appearance, distinct nucleus and sluggish motility, in the 
living entameba; by the deeply staining, granular cytoplasm, and by the 
relatively large amount of chromatin, which is arranged either as a 
heavy continuous or broken ring (coli variety) or as several discrete 
masses (nipponica variety) on the inner surface of the nuclear membrane, 
with transitions between these two varietics, in the stained entamebe; 
and especially by the development of cysts containing 8 nuclei. This 
species should, according to the law of priority, bear the name of 
Entameba coli Schaudinn. It is found in the stools of healthy persons 
and of persons suffering from discases other than dysentery and is, there- 
fore, presumably non-pathogenic. The other species include the his- 
tolytica variety of Schaudinn, the tetragina variety of Viereck. and 
Hartmann and probably the minula variety of Elmassian. It is charac- 
terized by its hyaline and feebly refrangent appearance, indistinet nu- 
cleus, and active motility in the living entamaba; by the feebly-staining 
reticulated cytoplasm, and by the relative paucity of chromatin which is 
arranged either as a barely perceptible layer about the inner surface of 
the nuclear membrane with or without a few fragments scattered in the 
nuclear network (histolytica variety), or as a more extensive but loose, 
granular peripheral layer and a loose central karyosome (tetragina varie- 
ty), ‚with transitions between these two varieties in the stained enta- 
mæba; and especially by the development of cysts containing + nuclei, 
This species is found only in the stools, pus, or tissues of cass of 
amebic dysentery, amabie liver-abscesses, or of cases having a history of 
amcehie dysentery and is probably a pathogenic species. According. to 
the law of priority this species should bear the name, Entamörba histolytica 
Schaudinn. The differences in the arrangement of the chromatin in 
the nuclei-of the coli and nipponica varieties and of the histolytica and 
tetragina varieties probably represent metabolic or reproductive changes 
in the nuclei of the two species. This view is supported by the presence 
of forms showing a chromatin arrangement intermediate between these 
varieties of the two species. It is probably that other imperfectly de- 
scribed species of Entamæba that have been observed in the intestine of 
man would be found, on a more complete knowledge of their morphol- 
ogy and life-cycles, to belong to one or the other of these two species. 
'The most important practical application of these differences in mor- 
phology between Entamaba coli and Entameba histolytica is the micro- 
scopic diagnosis of amobic dysentery, especially in incipient or chronic 
»cascs, as a guide to treatment and prophylaxis. The differentiation of 


1Jt is to be noted in this connection that the microscopic diagnosis of amabie 
dysentery is not dependent upon Entamaba hystolytica being the primary 
etiologie factor in this disease, but only upon the apparently constant association 
of this entameba with amebie dysentery. 
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Entamaba histolytica from Entameba coli must frequently. be ‘made 
without the help of the ‘characteristic encysted stages. While the’ diag- 
nosis in the trophozoite stage is not easy, it can be made with certainty 
by a protozoólogist having sufficient ‘experience and using proper care. 
The examinations for this purpose should be made of perfectly. fresh 
stools, repeated if necessary on different days, and should be made, if any 
uncertainty exists, of stained as well as of fresh preparations. - Prepara- 
tions fixed wet in Zenker’s fluid and stained with aqueous alum hema- 
toxylin should be employed for this purpose. Greater difficulty may be 
experienced in diagnosing chronic cases between the periods of exacerba- 
tion of the acute symptoms, in which Entameba histolytica, in prepara- 
tion for encystment more closely resembles in some respects Entamaba 
coli; but under these conditions a careful search will usually disclose: the 
presence of 4-nuclear cysts. The presence of such cysts in the stool is 
absolutely diagnostic of Entameba histolytica; but a diagnosis from the 
presence of 8-nuclear cysts in ihe stool must be made with caution; since 
there might exist a double infection with Entameba coli and nume 
histolytica, 

An experimental study of the parasitism and pathogenicity of the 
species of the genera Amaba and Entameba, established by this mor- 
phologic study, ‘has been dertaken and the results of it will be „presented 
in another paper. 

SUMMARY AND CONCLUSIONS. 


. The amaboid organisms found'in the Manila water supply Velöng 
to "e genus Amæba Ehrenberg. 

2. The amceboid organisms cultivable from the intestinal tract of man, 
both from healthy. persons and. from cases of ir dysentery, , alse 
belong to the genus Ameba Ehrenberg. 

3. The cultivable species of the genus Amaba are not parasitic in the 
intestinal tract of mah; when obtained in cultures front; the’ intestine 
they probably are derived from cysts of amobee that have been ingested 
with water or r food and have paced oe through: the intestinal 
tract. , vU 

4. The amoeboid organisms parasitic’ in the intestinal’ tant et "man 
ius toa distinct genus, Entameba Casagrandi and Barbagallo. eke 

. The entameebe are strict or obligatory parasites and are incapable 
of multiplication outside of the body of:their host. - They can noti be 
eultivated on Musgrave and Clegg's medium. 

6. One non-pathogenic species of the genus Entamaba; Entameba a 
Schaudinn, parasitic in the intestinal tract of man, which includes’ En- 
tamaba nipponica Koidzumi, and. which develops eysts containing’ 8 
nuclei, is recognized. / 

7. One presumably — species of the. genus. Entamaba, En- 
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tameba histolytica Schaudinn, which includes Entamaba telragina Vier- 


eck, and which develops cysts containing 4 nuclei, is recognized, 
8, A differential diagnosis of an infection with Entamaba coli from 


an infection with Eintamaba histolytica’ can be made with the microscope. 

9, An infection with either Entamwba coli or Entameba histolytica 
must always come directly or indirectly from another infected person. 

10. Water or uncooked food can transmit amobic dysentery only when 
contaminated with fzcal matter from a case of amæbic dysentery. 

11. The infection with Hntameba histolytica may persist for an in- 
definite period after the symptoms of amæbic dysentery have disappeared, 
during which time the resistant, encysted entamebze may be passed in 
large numbers in the stools and constitute an important source of infec- 
tion to others. Such persons are “carriers” of amoebic dysentery, com- 
parable to the “carriers” of typhoid fever or cholera. 

12. The prophylactic measures for the prevention of ameebic dysentery 
are sufficiently indicated by the preceding conclusions; they are identical 
with those required for the prevention of other specific infectious diseases 
of the intestinal tract, like typhoid fever and cholera. 
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ILLUSTRATIONS. 


(From photomicrographs by Charles Martin.) 


PLATE I. 


. Ameba 1, trophozoite, culture from the Manila water supply. X 1000. 


Ameba 1, cysts, culture from the Manila water supply. 1000, 


. Amoba 19, tropliozoite and cyst, culture from the Manila water supply. 


x 1000, 
Prate II. 


Ameba 8, trophozoite and cysts, culture from a stool of a case of amobie 
dysentery. X 1000. 
Ameba 14,965, trophozoites, culture from a stool of a case of amebic 
dysentery. X 1000. 
Amehe 7,071, trophozoite, culture from a stool of a case of amebic 
dysentery. X 1000, 
PLATE III. 


Ameba 7,671, cysts, culture from a stool of a case of ameebic dysentery. 
X 1000, 

Amebe “L” (Musgrave and Clegg), trophozoite, culture from a stool of 
a case of amebic dysentery. X 1000. This species differs from 
Amoeba 7,071 (figs. 6 and 7) chiefly in not possessing a contractile 
vacuole, 

PLATE IV. 


. Entamaba coli, trophozoite, in the stool of a healthy person. X 3000. 


Entanucba coli var. niponica, trophozoite, in the stool of a healthy person. 
X 1000. 

Entamacba coli, cyst containing 8 nuclei only 5 of which are shown in 
the optical section of the entameba, in the stool of a healthy person. 
x 1000. 

Untameba histolytica, trophozoite containing red blood corpuscles, in the 
bloody and mucus stool of a case of amebie dysentery (No. 5,748). 
X 1000. 

PLATE V. 


Fre. 13. Entamaba histolytica var, tetragina, irophozoite containing red blood 


corpuscles, in the stool of a case of acute amebie dysentery. 1000. 


14. Entamæba histolytica, trophozoite in preparation for encystment, in the 


stool of a case of chronic amebie dysentery. «1000. 


15. Entamæba histolytica, encysting entameba showing the first division of 


the nucleus, in the stool of a chronic case of amocbic dysentery. X 1000. ' 


16, Entamæba histolytica, cyst containing 4 nuclei, in the stool of a chronic 


ease of ammbie dysentery. 1000. 
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“IMMUNITY REACTIONS WITH AMOEBA. 


By ANDREW WATSON SELLARDS. 


(From the Biological Laboratory, Bureau of Science, Manila, P. I.) 


The aetiology and also the diagnosis of amebic dysentery involve the 
question of whether non-pathogenic as well as pathogenic amœbæ may 
be encountered in the human intestine. In the development of the evid- 
ence bearing upon this question, two factors have arisen which are of 
especial interest. In the first place important morphological differences 
have been described for amoebe from various sources, and secondly cul- 
tures of amcebe have been obtained from dysenterie stools. . It is main- 
tained that definite morphological distinctions occur in the amæbæ found 
in the intestine with differences in clinical manifestations corresponding 
to the type of amoba which is present, Thus, one of these types may ` 
persist over long periods of time without the production of definite symp- 
toms. "This fact appears to constitute the principal evidence in support 
of the existence of a non-pathogenic species of amoeba in the intestine. 
However, the morphological differences between this type of amæba and 
that occurring in active dysentery have not been accepted by certain 
observers, and the existence of this type as a distinct species has been 
questioned. 

In regard to the cultivation of amcbz, there is some uncertainty 
concerning the exact significance of the cultures which have been obtained 
from dysenterie stools. Some investigators consider that the amebe in 
these cultures are pathogenic. Others.regard them as purely saprozoic 
forms, which are only accidentally present in the feces, maintaining that 
the morphological differences are sufficient to distinguish them absolutely 
from the amæbæ ordinarily seen in a dysenteric stool. 

In the present paper an attempt has been made to distinguish amebe 
by their biologic properties without especial reference to morphology. 
Immunization of animals has been carried out with various strains of 
amcebe with the expectation of producing immune bodies for the com- 
parison of the various strains. It was intended, in the first place, to 
determine whether any differences could be detected in the immunity 
reactions of cultures of amœbæ obtained from parasitic as compared with 

` those from saprophytic sources. In the second place, the sera of dysen- 
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teric patients have been examined for changes analogous to those produced 
by artificial immunization with amosbw. The number of cultures under 
investigation was limited to four und these were selected, without regard 
to morphology, from sources which represented fairly distinct conditions, 


The first culture, Race A,! was obtained from the city water supply of Manila, 
This is an unfiltered river water which comes, however, from a. practically un- 
inhabited watershed. Amebe are constantly present in this water. Race B. 
was cultivated from the stools of a case of amebie dysentery occurring in 
Manila. The two remaining cultures were secured from sources outside of the 
Tropics: Race C. was grown from hay obtained from central Ilinois, a region 
practically free from amebie dysentery. Race D. was cultivated in Kansas City, 
from the stools of a patient with slight diarrhea. 


In the preparation of these cultures for injection into animals, there 
åre two factors which were considered to be of especial importance, namely, 
(1) the isolation of a single species of amoba and .(2) its cultivation with 
a i single species of bacterium. 

“Much of the morphologie work upon amabx has been carried out ‚upon 
material which’ might contain a variety of species but in attempting a 
differentiation by immunity reactions it seemed especially desirable to 
isolate single species of amæbæ, i. e., to know, ‚that ae culture consisted 
of the progeny of a single organism. y 


^ The most feasible method for the isolation of single cells is that devised by 
Barber (1) and -it is readily applicable to amebe, In transferring single motile 
amebs from cover glasses and pipettes to nutrient media they exhibit some 
tendency to stick to the glassware in a manner similar to certain cells, such as 
leucocytes and some of the capsulated bacteria, The cysts of amebe, do! not 
possess this characteristic and they can be isolated and transferred readily. Ae 
cordingly, the isolations were first attempted with the encysted stage. ‚However, 
it-was found ‘that only a small proportion of the isolated eysts ‘would multiply 
when transferred to agar, prepared for tlie cultivation of amabir, ‘The substitu- 
tion of a liquid, nutrient medium for the agar would reduce the manipulationa to 
a:minimum, thereby permitting the isolation of organisma án the, ameboid 
stage without necessitating further transference in order to supply ‘nutrient 
fnaterial Normal rabbit serum was found to constitute a suitable liquid eulture, 
tedium. Emulsions of motile amabe were prepared in serum in, dilutions 
varying from 1 to 5 to 1 to'10 and the isolations. were made immediately in 
hanging drops on cover slips, The entire drop was not too large to come within 
the field of the one-sixth or one-twelfth objective. The fluid medium waa quite 
clear and accordingly it could be determined definitely when a single ‘ameba 
was obtained. In order to supply an abundance of nutrient material the size 
of the droplet was inéreased, after isolation was effected, to a diameter of 1 or 2 
millimeters;: Under these conditions, multiplication took place‘ in about'one- 
fourth "of the isolations, ' In the remaining three-fourth the ameb:e disintegrated: 
eneystment rarely: taking place. The hanging top: cultures were "Rep both. at 


"A These cultures have been designated simply by letters, i in as ' much as the 
Basis for the classification of amæbæ into species is incompletely developec, and 


the description of the various species which have been reported i is often fete 
for their identification, 2 
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room temperature (about 25° to 30° C.) and incubator temperature. (37° C.); 
either was found to he satisfactory. Within the first 48 hours as many. as 10 
to 20 organisms usually developed from the original parent cell. The drop was 
then transferred with a comparatively coarse. pipette to agar media and the 
cultures were continued in the usual manner. 


One race (D) had already been isolated from a single cell before it 
was received at the laboratory. This culture was obtained by Professor 
M. A. Barber of the University of Kansas from the faces of. a patient 
with a watery diarrhea. Individual cysts were selected and isolated 
directly from the faces, Upon transferring to nutrient media, some of 
these cysts developed, thus not only giving a culture consisting of a 
single species of-amaba but also demonstrating that the eyst-like bodies 
seen in the fæces were true amabı. f 

The presence of bacteria in the cultures of amæbæ ? naturally necessi- 
tates a considerable number of controls in the study of the immune , 
bodies resulting from the injection of these mixtures. To simplify these 
controls, somewhat, the four different races of amœbæ were cultivated 
with the same species of bacterium. B. prodigiosus was chosen, since 
amobz grow well in conjunction with it and its chromogenic properties 
simplify ‘the detection of contaminations by other bacteria, As a further 
control, one of the races of amab was also cultivated with Vibrio cholera. 
The separation of amæbæ from all of the accompanying bacteria except 
one species was found to be rather difficult. Even in the encysted stage, ' 
ihe amcebe are in general rather less resistant to physical and chemical 
agents than the sporeforming bacteria which occur with them.. In the 
motile stage, they are intimately mixed with bacteria, the latier clinging 
to the surface and also being enveloped in the substance of the ameebe, 
while the spores may resist any digestive action. 


The method devised by Mouton(3). was used for obtaining the amebe in 
culture with a single species of bacteria. The center of a Petri plate was 
inoculated with amebe, the desired bacterium having been inoculated previously 
in lines radiating from the center. As the amabe wandered over the plate 
they followed the lines of bacterial growth, gradually leaving the contaminating 
bacteria behind them. After several transplantations had been made in this 
manner, test tubes were substituted for Petri plates to avoid accidental contamina- 
tion from the air. The entire surface of an agar slant was, inoculated with 
bacteria, the inoculation of the amebe being made at the base of the tube. 
After 24 hours in the incubator with the tubes placed in the erect position, the 
amebe grew upward a distance of 3 to 5 centimeters, a sharp line of demarcation 
frequently appearing at the junction of the growths of the bacteria and the 
amebz. Many repetitions of this process were necessary before all of the con- 


*Many of the earlier observers have attempted to obtain pure cultures of 
ammbz, but no successful method was established whereby development continues 
indefinitely in the absence of both living and dead bacteria. However, very 
recently, Willianis(2), in a preliminary communication, reports successful eultiva-. 
tion in the absence of bacteria. 
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taminating organisms were eliminated. It was a comparatively simple matter 
to obtain an apparently pure culture of bacteria, but more extended observations 
often revealed the presence of contamination. Thus minute quantities of a 
culture when plated out for development of single colonies frequently showed 
nothing but B. prodigiosus, while in the course of a few weeks, other bacteria 
might appear in the original culture, although it had been carefully protected 
from contamination. It is to be noted that the culture of prodigiosus lost its 
power of producing pigment on the amebie agar, but this property was at once 
regained on the first transplantation to ordinary agar. Jn the isolation of 
amebe with Vibrio cholera, a culture was readily obtained which showed only 
cholera colonies when small quantities were inoculated on ordinary agar. low. 
ever, the inoculation of a large quantity of growth into a highly active anti- 
cholera serum resulted in the destruction of practically all of the cholera 
organisms and a spore-forming bacillus developed in the serum. 

The stock cultures of amelie were always kept in test-tubes. Bacteria were 
added at practically every transfer and the inoculations were made in the same 
manner aa for the purification of the cultures; that is, the entire surface was 
inoculated with B. prodigiosus, but only the base of the slant with amebe. 

Technique of cultivation—The majority of the various media for amebe 
depend upon the same principle, namely the reduction of the nutrient material 
to such a minimum that only a scanty development of bacteria cau take place. 
Thus, there are the dilute liquid media such as the hay and straw infusions: 
the solid medium of Beyerinck (4). is prepared with agar which has been repeat- 
edly extracted with water; the alkaline agar of Musgrave and Clegg(5) contains 
0.03 to 0.05 per cent of beef extract and no peptone. An agar based upon the 
last formula was used for maintaining the stock cultures of amebe. The 
principal difference consisted in the reactions of the media, the final product 
when ready for inoculation being neutral to phenolphthalein. The following 
formula was used: Agar-agar 2.5 per cent, Liebig’s beef extract 0.05 per cent. 
normal sodium hydroxide 2 per cent. This medium, without clarification, was 
sterilized at 7 kilograms pressure per square centimeter for three-fourths of an 
hour. After sterilization it was found that the reaction of the medium was 
neutral to phenolphthalein, the alkali presumably having combined with the ` 
organi¢ material in the agar. Furthermore, under these conditions of temperature 
and duration of heating, the quantity of alkali which was sufficient to render 
the medium permanently alkaline was slightly in excess of the amount which 
was sufficient to prevent the agar from solidifying at room temperature. 
Nevertheless, although the reaction of the medium was ultimately neutral, 
-to phenolphthalein the addition of the excess of alkali gave a better medium 
for the cultivation of amæbæ than was afforded by the use of agar which was 
just neutral or slightly alkaline before sterilization. 

On agar media of the ordinary composition with an acid reaction such as are 
used for bacteria, no growth of amebs could be obtained, although some investi- 
gators have used such a medium successfully.(6) Under certain conditions, when 
it was desired to obtain ameba-free cultures of bacteria which were associated 
with amebe, ordinary agar was used, the first transplantations being free from 
ameebee, 

With the development of the methods for the cultivation of amebe, solid 
agar media have largely replaced the liquid media which were used by the earlier 
workers, Although straw infusions and similar fluids have been used in ob 
taining amæbæ for study, their isolation and propagation has been carried out 
chiefly on solid media. Tt has even been stated that, with many amebe, direct 
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inoculation from solid to liquid media is difficult or impossible.(5) -However it 
was found that some of the ordinary liquid media were very suitable for the 
cultivation of amabie, provided that these media were first diluted to such an 
extent that the growth of bacteria was considerably restricted. Thus, amebe 
grew well in a solution of 1 part of peptone’ in 1000 parts of water and fair 
growth occurred in ordinary nutrient bouillon when diluted to 1 part in 100, 
although no growth of amebe took place in a 0.5 per cent solution of peptone, 
or in bouillon of the ordinary strength. There was a fairly wide range in the 
concentrations of peptone which were found suitable, abundant growth taking 
place in dilutions varying from ] part in 1,000 to 1 in 5,000. The amebe could 
be transferred backward and forward from the solid to the liquid media, a good 
growth being obtained on the first inoculation, in the same manner as with 
bacteria. . 

Occasionally, after eultivating a species of amoeba for several months on the 
medium containing agar and beef extract, the composition was altered slightly 
for one or two generations by the substitutions of 0.1 per cent peptone and 0.05 
per cent lactose for the beef extract. Sometimes, when the growth on agar became 
less abundant, a few transplantations were made in liquid media, using either 
diluted normal.rabbit serum or a solution containing 1 gram of peptone and 
0.5 gram of lactose in 1,000 cubic centimeters of water. As a general rule, the 
most aboundant growths of umebe were obtained at incubator temperature 
(35* C.). i ER 

One well marked exception was found to the apparent necessity of a highly: 
diluted medium for the growth of amæbæ. All of the four cultures of ambe 
grew well in normal serum not only when it was highly diluted but also in the 
lower dilutions. Thus, excellent growth took place not only in dilutions of 1 to 
500, but also in 1 to 2, and in 1 to 5. This ability to develop in normal serum 
was utilized later in testing for the production of immune sera. 


Technique for immunization.—The cultures of amcebz on agar slants 
were used for the inoculation of animals. Living organisms were in- 
jected in the amceboid condition, emulsions being prepared in water from 
24-hour cultures. The amæœbæ which were used for injection, were always 
grown with B. prodigiosus. No attempt was made to reduce the quantity 
of bacteria in the mixed emulsion of amcebe and bacteria, but when care 
was taken to insure favorable conditions for a vigorous growth of 
ameebe, the latter always predominated to a considerable extent over the 
bacteria. 

Rabbits were used for immunization. The first two injections and 
sometimes the third were made intravenously and the remaining ones 
intraperitoneally. The injections were made at intervals of ten days to 
one month according to the condition of the rabbits, and the maximum 
period of treatment for any one animal was thirteen months, For rabbits 
weighing about 1.5 kilograms, one-half to one agar slant of the ordinary 
size, (measuring about 1.5 by 8 centimeters) upon intravenous injection 
was usually fatal within 12 to 18 hours. Under the same conditions, 2 
slants were usually fatal upon intra-peritoneal injection. Several rabbits 
were used for each of the 4 cultures and varying quantities of material 
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were injected, As a rule one-eight to one-fourth of an agar slant was 
ised for the first injection and this was gradually increased to 6 or 8 

- slants. Perhaps the best result was obtained in a rabbit which at the 
first injection survived 1 agar slant given intravenously. Pronounced 
symptoms occurred ; within 6 hours the rabbit became semi-comatose, the 
temperature rose from 39°.5 C. to 40?.1 C. and the respiratory and 
heart rate were too rapid to count. This rabbit received subsequent in- 
jections of ameba without loss of weight, or other symptoms and was 
eventually able to withstand 20 agar slants intraperitoneally at a single 
injection. Five other rabbits receiving a similar injection died within 
15 hours. 

The preceding technique has been observed as a routine, but other ani- 
mals and other methods were also tested. Thus one series of guinea pigs 
was injected-with cultures killed by heating to 50° C. for fifteen minutes. 
Whereas guinea pigs, upon intra-peritoncal injection, were able to survive 
only a small oese of living amocbe as much as 1 agar slant of a killed 
culture could generally be used for the first injection and as many as 4 or 
6 slants could be used in rabbits; however, the formation of immune 
bodies was not active and the subsequent injection of living amobz was 
not borne very much better than when the first injections were made with 
smaller quantities of the unheated material. i 

In one rabbit, ihe organisms were injected only in the encysted stage, 
viable cysts being given intravenously for the first two injections and the 
remaining injections being made intraperitoneally. This rabbit was 
used only in testing for agglutinins. 

, In as much as antibodies form readily upon the injection of vegetable 
cells, of animal tissues, and ‘of unorganized protein matter, and since they 
oceur in natural infections with protozoa, it would be expected, a priori, 
that amoebie would also act as antigen. No attempt was made to investi- 
gate all of the immunity reactions which might be produced with amebe, 
but rather I have sought to obtain a reaction which would be suitable for 
distinguishing cultures from various sources. Accordingly, preliminary 
tests were carried out with only one of the cultures of amoebe (Race A). 
Of the commoner biological reactions those for agglutinins, precipitins, 
eytolysins, and anaphylaxis have been considered. zi 

i A gglutination.—Agglutination tests were carried out on both the 
active and the encysted stages of amcebe with serum obtained, first, from 
guinea pigs and rabbits injected with the motile amo» and second 
from a rabbit injected with encysted forms. In the amooboid stage, some 
difficulty was encountered in securing a uniform suspension of the organ- 
isms in the control preparations. The immune sera from rabbits and 
guinea pigs were tested in varying dilutions up to 1 in 1,000. In hanging 
drops, irregular clumping sometimes occurred in portions of the prep- 
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aration, but differences from the control were neither constant nor well 
defined. In the encysted stage, uniform emulsions for agglutination were 
readily obtained. ‘Ihe serum from a rabbit which had been treated with 
cysts for 3 months proved to be entirely inactive.. Also, the serum from 
rabbits treated with organisms in the amaboid stage showed no agglu- 
tinative action toward the encysted stage.* 

Precipitins.—Examination for precipitins was Beine complicated, 
partly because of the difficulty of securing a suitable extract of amabe 
and also on account of the controls rendered necessary by the possibility of 
the presence of bacterial precipitins. 

An extract of amæbæ grown with B. prodigiósus was prepared by émul- 
sifying the growth from 24-hour agar slants in the water of condensation 
and grinding this emulsion with sand. The fluid was collected by centri- 
fugalization and clarified by filtration, A clear filtrate was obtained 
most readily by the use of a Berkefeld filter, but the precipitation re- 
actions were more satisfactory when the extract was filtered through mag- 
nesium oxide. Serum from a rabbit which had been under treatment 
for five months gave a well marked precipitation in.1 to 2 and 1 to 5 
dilution with the undiluted extract from the mixture of amcebe. and 
B. prodigiosus. However, this same extract also gave a precipitate with 
the serum from a rabbit treated with B. prodigiosus alone. - In order to 
control the effect of bacterial precipitins, an extract of amœbæ growing 
with V. cholere was tested against the serums of a rabbit immunized to 
amcbz growing with B. prodigiosus. Only a poorly defined precipitate 
was obtained in 1 to 2 dilution of serum from animals which had been 
under treatment for from two to five months. These preliminary results, 
therefore, did not indicate that precipitin tests would afford a very suit- 
able reaction for the study of amocbx, both on account of the technical 
difficulties and also because of the indefinite reactions which were 
obtained. - 

Anaphylaxis—The usual test for anaphylaxis with death af: the 
animal requires rather more material than conveniently can be, obtained 
from cultures of amæbæ. However, the intradermal reaction as devised 
by Knox Moss and Brown,(8) would be especially serviceable’ for work 
with amoebe. Rabbits and guinea pigs were tested within two to four 
weeks after the first injection and. also at later periods after treatment 
had been continued for from 1 to 6 months., The injections were made 
intradermally with amebe growing with B. prodigiosus. Two prepara- 
tions of amcebe were used. One consisted of an extract, filtered through 
magnesium oxide in the same manner as for the precipitin test. . The other 


? However, successful agglutination ‘of amebs by a non-specific serum, has been 
‚reported by Zaubitzer(7) who found that the serum of an animal when immun- 


ized to V. cholere, agglutinated amebe growing with V. cholera. 
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was merely an emulsion of a 24-hour culture in physiologic salt solution, 
No well defined differences were obtained between the injections in normal 
animals and those injected with amabæ and Z3. prodigiosus, The bleb 
produced by the injection was usually absorbed within the course of an 
hour. After 12 to 18 hours some «edema and reddening appeared at the 
site of injection. ‘This was distinctly more marked in the cases where an 
unfiltered extract of amæbæ was used, suppuration eventually resulting in 
some instances. ‘The differences between the normal animals and the 
treated ones were slight and inconstant. However, the general tendency 
of such differences as were noted, was not in the direction of a greater 
reaction in the treated animals, but on the contrary these animals some- 
times showed signs of less inflammation at the site of injection than the 
controls.. The differences, however, were altogether inadequate for any 
satisfactory test and attention was next given to cytolysins. 

Cytolysins.—'l'ests for the cytolytic action of the sera were carried 
out microscopically. Ordinary hanging-drop preparations were made 
from equal parts of a suspension of ameebe and immune serum. The 
suspension of ambe was prepared in the water of condensation from 
the agar culiure media, in preference to normal physiologic salt solution, 
since the latter is hypertonic for amabe. A certain amount of salt 
could -be used to advantage, perhaps, imitating the conditions which occur 
in surface waters, the natural habitat of some of these amæbw, but in 
attempting to determine the most desirable amount of salt it was found 
that the amab when transferred from agar to distilled water showed no 
definite morphologic change and remained in the amecboid stage for 
at Jeast several days. The serum dilutions: also were prepared with 
water and not with salt solution. 

In testing for cytolysins, control preparations were made with normal 
serum, with physiologic salt solution, and with distilled water. Slight 
changes were noticeable immediately after preparing the mixtures. Some 
of the amœbæ lost their motility and assumed a spherical form, both in 
the preparations with immune serum and also to a lesser extent in those 
with normal serum and with physiologic salt solution, while in those 
with distilled water, no change was observed. With immune serum of 
a high grade cylotysis of the amæbæ could be observed microscopically 
and in the course of one to two hours there was a-well marked diminution 
in the number present in the hanging drop. Sera which were sufficiently 
active to cause immediate cytolysis were obtained only with some difficulty 
and after a comparatively long period of immunization. Furthermore, 
none of the preparations showed complete cytolysis of all of the amebe, 
present, the differences between the normal and immune serum in this 
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respect being only relative and not absolute. However, after 24 hours 
at 35° C. a definite result was readily obtained, notwithstanding the fact 
that rabbit serum in 1 to 2 dilution furnishes a gpod culture medium in 
which a few surviving amcebe might develop. In the mixtures with 
distilled water and normal serum the amœbæ remained actively motile 
without any encystment before the ‘second or third day and without any 
significant change in numbers. No increase in number was to be expected 
since the concentrations of the amcebe in the suspension was usually 
greater than that which occurs in liquid culture media. In the test pre- 
parations with serum from treated animals the reaction was usually very 
definite. Either there were many motile amobe present just as with 
normal serum, or else there was almost a complete lysis of the amebe 
with only a few cysts and an occasional motile organism present. 
Occasionally, in the preparations with immune serum, many of the 
amcbz took on a pink color. This was due apparently to the presence 
of granules of B. prodigiosus, although no color was visible in the sus- 
pension of bacteria surrounding the amebe. 

The reaction in this form was then adopted for testing the behavior 
of the 4 races of amabx. The suspension of amœbæ was always prepared 
in the water of condensation, from an actively growing 24-hour eulture 
in the amaboid stage. Equal parts of this suspension and the serum 
to be tested were mixed with a capillary pipitte according to Wright's 
technique and a hanging drop preparation was made from a portion 
of the mixture. In order to obtain constant and well defined reactions, 
it is necessary that the amoehe in the culture should be abundant and 
should predominate over the bacteria present. The data which follow 
represent the conditions of the preparations after standing for eighteen 
to twenty-four hours at 35° C. The concentrations of serum are ex- 
pressed in the final concentration after dilution with the ‘suspension of 
amcebz, for example, 1 part of undiluted serum and 1 part of the sus- 
pension is recorded as a 1 to 2 dilution of the serum. 

On account of the presence of bacteria throughout the entire procedure 
there are several interpretations which might be considered with regard 
to the cause of the destruction of the amcebe by the immune sera. Three 
general methods were used for detecting the effect of the bacteria. The 
serum of rabbits immunized to ameebe in mixed culture with B. prodigio- 
sus was tested against a culture of ameebe growing with B. prodigiosus 
and with V. cholere. Also, the serum of a rabbit immunized to B.. pro- 
digiosus alone was tested against a culture of amoeba growing with B. 
prodigiosus. These controls were carried out with the culture designated 
A and the results of the first and second methods appear in Table I. 
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TanLE L—Production of cytolysins by injection of amaba in mired culture with 
B. prodigiosus. 


Agglutination of B. prodigtosus— Lysis of in cultivation 
In mixed 
f In pure culture | culture with | B. prodigiosus | V. cholere at 
Serum of rabbit at dilution of— | amæbeat Jatdilution of—] dilution of- 
immune to— dilution of— 


Experi- |Expert-|Expert-|Experi-/Ex peri-|Ex perl- Experi- Experi-, 
ment ment mong ment E ud ment ment 
I. u e . e 


None. | None. | None. | None. : 


= "OT 
B. prodigiosus .._..0uu0u.nn 1-501 1-100} 1-50] 1-50 1 Be By a epa t 
Amæœbæ and B. prodigiosus . 1-5 1-5 1-10 15 1-5 1-10 15 15 | 


Control, normal rabbit |(Slight. | None. | None, | None. | None. | None. | None. | None. 
a { 1-2 1-2 1-2 1-2 1-2 13| i2] 212 


BETUM „nn nn 


From these data it appears that the lysis of the amabs was due to 
the immune bodies formed in response to the injection of the amebe, 
and not to the accompanying bacteria, since the ammba growing with 
cholera were acted upon by the serum produced by the injection of 
amebx and B. prodigiosus, whereas the serum produced by the injection 
of B. prodigiosus alone was inactive for amebe. In the comparison of 
the different races of amoebie it will be seen that there is some additional 
evidence in support of the preceding conclusions. 

The activity of the serum is of extremely low grade even for protozoan 
material. The highest serum which was obtained at any time was that 
from a rabbit which had survived on the first injection 1 agar slant of 
ameebx. The same dose was fatal for 5 other rabbits. Five months 
after the first injection, when the rabbit was able to withstand 4 agar 
plants intraperitoneally at one injection, the serum was found to be 
active in 1 to 50 dilution. This degree of activity persisted for only 
2 days and then fell to 1 to 10; subsequent injections failed to increase 
it. Apparently, the repeated injections of amœbæ instead of producing 
highly active sera only caused the low grade of activity to persist over 
longer periods. In considering the degree of activity which was obtained. 
it.is to be noted that the amounts of material injected were rather lower 
than are ordinarily used in working with animal cells, such as red blood 
corpuscles. ‘The quantities used were probably hot as great as are usually 
employed for many of the ordinary bacteria such as V. choler@ or B. 
typhosus. Two factors were concerned in producing this limitation, 
namely the relatively small quantity of amæbæ which can be obtained 
from the growth on agar and the inability of animals to withstand the 
injections, emaciation and death resulting from an over dosage. 
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Character of the immune bodies.—A few tests were made to determine 
whether the destruction of the amæbæ was accomplished by the combined 
action of amboceptor and complement in a manner analogous to the 
action of hamolysins and bacteriolysins. The effect of heating is.shown 
by the results in Table II. The serum of a rabbit immunized to amæbæ 
(race A) and B. prodigiosus was tested against the same mixture of 
amcebe and bacteria. One part of serum was diluted with 1. 5 parts of 
water for the purpose of heating at 70° and 78°. 


i TABLE II.—Showing effect of heat on immune serum. 


—— : ono TEE 


Temperature and duration of heating. 


Lysis produced |P" Iuto poc S SMS as bee nt = Unheated 
by heated immuue immune T ^ .—| immune 
serum. 60°, one- | 609,1 609,3 | 709, one- | 789, one- | . serum. 


serum. Inalfhour.| hour. hours half hour.|half hour, 


With complemeat 


added: 
Normal rabbit 
serum— 
1-2] Active. | Active. | Active. 
1to 10 ......| | 1-5; Active. | Active. | Active. | Active. | Active. = 
1-19 | None. None. None, None. Slight, 
1-2 | Active. | Active.| Active. |... 2 
1105... | 1-5 | Active. | Active. } Active, .| Active. E 
1-10 | None. None, Slight. None, Slight, 


With 1 
thous: comple" 1-5} Active. | Active. | Active, | Active, | Active.} Active. 


'1-10| None. |. None. Slight. Slight. Slight. Slight. 


| 1-2| Active. | Active. | Active, |... aan Active, 


This activity of the serum after exposure to relatively high degrees of tem- 
perature seems at first a little unexpected. However, related phenomena have 
been observed with other protozoa and even with bacteria. Thus Rössle (9) 
found that an immune serum produced by the injection of paramecia was not 
inactivated after exposure for 30 minutes to a temperature of 70° C. However 
Rüssle does not describe this serum as a true cytolysin and, furthermore, it was 
thermostable only when the injections were made with killed and not with living 
paramecia. Laveran and Mesnil (10) found that an immune serum for trypa- 
nosomata was only partially inactivated after exposure to a temperature af 
64° C for one-half to three-fourths of an hour. Later, Hamilton(11) reported a 
thermostabile bacteriolysin for an organism designated as the “Ruediger bacillus, 25 


However, these results with ameba do not prove that the immune 
body is thermostable, unless normal heated serum also shows no activity. 
Accordingly, the effect of heat was tested both on normal serum and 
on the serum of a rabbit which had been immunized. This rabbit 
had formerly shown some immunity, its serum being active in 1 to 5 
dilution. At the time of this test no injections of amabx had been 
given for 2 months and as seen in Table III, the unheated serum was 


inactive. 
104912—3 
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Tape III.-—Lysis of amabe by heated sera. 


Serum. 
| _ [Ditution, |, formerly Sorat 
ambe, | 7*bbit. 
1-2| None. None, 
Control, unheated... 1-5} None. None. 
1-10 | None. None, 
Serum heated for one hour &t— xi |. "Active: | Ketta: 
609 v NEED | 1-5 | None. None. 
1-10 | None. |. None. 
1-5 | Active. | None. 
1-10 | None. None. 
1-5 | Active. | None. 
1-10 | None. None, | 


This result shows definite activity of the normal serum when heated 
at 60° and of the immune serum at 60°, 70°, and 78° C. 

An additional test was carried out to determine whether this apparent 
difference between the normal and immune sera at higher temperatures 
is a specific property of anti-ameba sera or whether it is common to 
other immune sera. The sera of a rabbit immune to V. cholere was 
used and a second rabbit formerly immune to amæbæ also tested in 
addition to the one used in the preliminary experiment. The results 
are given in Table IV. 


TABLE IV.—Lysis of amaba by heated sera.’ 


Serum formerly im- Controls, normal 
mune to amebe. jSerum im-| rabbit sera, 
Dilution. mune to 
V. cholerg. 
A. B. A B. 
: 1-2] None. | None, | None. | None. | None 
Control, unheated ....-------- 1-5 | None. None, None. None. None, 
A 1-10 None. None. None. None. None. 
Serum heated for one hour at— mone d 5 
1-2; Active. | None. Active, | Active. | Active. 
1-5 | None, None, None. None. None. 
1-10 | None. None. None. None. None. 
0° C. 1 1-5 | Active. | Active, | None. None, None. 
Cep ee 1-10 | None. | None. | None. | None. | None. 
78 C. { 1-5 | Active. | Active. | None. None. | ’ None. 
anne 1-20 | None | None, None, | None, | None. 


‘The word lysis has been retained in speaking of the action of the serum on 
the amebz although the process, at least in the case of the heated normal serum, 
differs from that of the ordinary specifie lysins. With an ‘immune serum some 

‚solution takes place within the first few hours and although a period of eighteen 
‘er twenty-four hours may be required to complete the process, yet it is accom 
plished by a direct action on the amebe and it is not a secondary effect of the 
action of the antibacterial serum on the accompanying bacteria. Apparently the 
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In one instance in Table IV it will be noted that lysis of the amebm 
failed to occur in the 1 to 2 dilution of serum heated at 60° C. An 
emulsion was used which was unusually rich in ameb& and, although 
the differences were well marked after the preparations had stood for 18 
hours, yet the amcebe did not entirely disappear until after 24 hours. 
These results might be taken as indicating that exposure to a temperature 
of 60° C. for one hour represents about the minimum time which would 
be effective in producing this change in the serum. Perhaps a more mo- 
derate heating might have inactivated the immune serum without pro- 
ducing this change which renders normal serum active. Although it 
is definitely shown that the immune serum is active after heating yet the 
controls with normal serum show that it does not necessarily follow that 
the immune bodies are thermostable or that they do not consist of 
amboceptor and complement. No attempt was made to work out ihe 
mechanism of this action of the heated normal serum. It is possible, of 
course, that it does not act directly upon. the amæbæ, but ‘affects them 
secondarily through a primary action on the bacteria; for example, the 
bacterial products formed in heated serum may be different from those in 
unheated serum. Apriori, however, the simplest explanation is that of a 
direct action upon the amabx. There is one instance in which heated 
normal serum can be shown to have a definite action on animal cells: 

This phenomenon, which may be somewhat analogous to the reaction with 
amabe, can be demonstrated with red blood corpuscles’ when heated normal 
serum develops the property of causing marked rouleaux formation of red corpus- 
eles suspended in salt solution. The degree of heating which is required and 
the activity of the serum correspond rather closely to the conditions pertaining 
to amebe ; thus, serum after exposure to 60° C. for 1 hour is effective in producing 
rouleaux in a final dilution of 1 to 4, but not in 1 to 6; normal serum after 
the same treatment is active toward amebm in 1 to 2 but not in 1 to 5 dilution. 
It may be noted that this action of heated sera in causing rouleaux formation 
is apparently only an increase of a normal characteristic of unheated sera, Simi- 
larly, it can be shown that although amebe grow well in a 1 to 2 dilution of 
normal rabbit serum, yet they are destroyed in undiluted normal serum, or ina 
1 to 2 dilution of heated normal serum. 


BIOLOGIC RELATIONSHIP BETWEEN THE DIFFERENT CULTURES OF AM(EBJE. 


The serum reactions with the 2 cultures of amœbæ obtained from 
saprophytic sources were compared with 2 cultures obtained from the 
intestinal tract to determine their indentity or non-indentity as tested 
by biologic methods. Rabbits were immunized in a similar manner to 


term lysin is seldom applied to immunity reactions with protozoa. “Rissle(8) 
observed that instead of lytic properties, cytotoxic sera often possess a paralyzing 
action; the examples cited are the spermotoxic sera, and the anti-sera against 
_epithelium and against parameecia. 

* Bull. Johns Hopkins Hosp. (1908), 19, 271. 
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the 4 races of amab, 


prodigiosus. Complete tests for 
were carried out simultaneously, using sera of a low 
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active to give well-defined results. 
The data for these tests are shown in Tables V and VI. 


grade 


all of which were growing in conjunction with B. 
the comparison of the 4 races of amabz 


but sufficiently 


TABLE V.—Biological relationship of the various cultures of amaba. 


Serum. 


Immune to— 


| Control with water .... 


{First determination.) 


^ 


Lysis of amabae, 
Ditution.| Race A. | Race B. | Race C. | Race D. 
1-2 | Active. | None. None. Blight. 
| 1-5 | Active. | None. None, None, 
| 1-10 | Active. | None. None, None. 
| | 1-2 | None. Active. | None. None. 
| 1-5 | None. Active, | None. None. 
7 1-10 | None. slight. None. None. 
: 1-2 | None. None. Active. ; None. 
| 1-5 | None. i None. Active. | None. 
i 1-10| None. None. Active. | None. 
1-2 | None. None, None, Active, 
| 1-5 | None. None. None. None, 
i 1-10| None. None. None. None. 
i 1-2 | None. None. None. None. 
x 1-5 | None. None. None. None. 
| 1-10) None. None. None. None. 
| None. None. None, None. : 


[E 


TABLE VI.— Biological relationship of the various cultures of amaba. 


[Second determination.) 


Serum. Lysis of ambe. 
Immune to— Dilution.) Race A. | Race B. | Race C. 
1-2| Active. | None. | None. 
1-5 | Active. | None. None. 
1-2] None. Active. None 
1-5 | None. None. | None. 
1-2 | None. None. Active, 
1-5 | None. None. Active. 
1-2| None. None. None. 
1-5| None. None None. 
Normal rabbit serum. .... { Rs \ None, None, None. 
Control with water..@--.|-.---.----| None. None. None. 


EE 


Race D. 


None. 
None. 
None. 
None. 
None. 
None. 
Active. 
Blight. 


None. 


None. 


' It is clear from these tables that the 4 races of amoebe are, biologically 
at least, distinct species, since the sera produced by them show a definite 
specificity. Here again it seems a little unusual that the first four races 
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selected should have reacted in absolutely different manners, not even 
group reactions being present. In Table V, the serum of race A ap- 
parently showed some activity against race D. Here it was thought that 
perhaps only a relative difference existed between the activity of serum A 
for amæbæ A and D, but subsequent tests did not confirm this view. In 
Table VI the difference is absolute and this result was confirmed by two 
subsequent tests. This behavior of the sera corresponds with the results 
obtained by Réssle(9) who found that the sera produced by paramecia 
are also specific. 

The specificity of the sera for the corresponding cultures affords addi- 
tional evidence that the injections of the amcebz were responsible for the 
activity of the sera, since it was possible for the amcbe to vary in each 
culture, but the bacterial species, B. prodigiosus, was common to all. If 
any activity of the antibacterial serum against the B. prodigiosus, in the 
symbiotic culture of amœbæ and bacteria could have affected the growth 
of the amæbæ, then this effect should have shown itself in all four cultures. - 

A note on the morphology of these cultures is of interest in view of 
the biologie differences which were found. Dr. E. L. Walker of the 
biological laboratory, Bureau of Science, has very kindly examined these 
cultures and describes them as being readily diftinguishable from each 
other on a morphologic basis, however all correspond to the limas type. 


REACTIONS WITIL SERA FROM DYSENTERIC PATIENTS. 


The interpretation of these biologic differences requires some caution. 
Many possibilities present themselves in view of the failure of these ammba 
to fall into groups according to the source from which they were obtained. 
Thus any of these ameebe may be pathogenic or any may be harmless. In 
the case of the cultures obtained from dysenteric feces, it is possible 
that the pathogenic species may fail to grow on artificial media and the 
organism which does develop may be merely an accompanying saprozoite. 

Accordingly, in an attempt to determine whether these amobw bear 
any wtiologic relationship to amebie dysentery, these four races were 
tested against the sera of amæbic dysentery patients. In considering the 
possibility of the formation of immune bodies during the course of the 
disease it is of some interest to note whether there is any indication of 
the absorption of toxic products from the intestine which might serve as 
antigen. In the first place, it is note-worthy that there is some op- 
portunity. for such absorption since the ameb» penetrate deeply, in large 
numbers, into the submocosa of the intestine. Second, changes in the- 
formed elements of the blood are known to occur, a leucocytosis sometimes 
being present involving not only the polymorphonuclear neutrophiles 
but in some instances the mononuclear neutrophiles and the eosinophiles 
as well, Also, in severe infection some fever is often present. Perhaps 
the most favorable cases for the absorption of antigen and the production 
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of immune bodies would be those in which infection of the liver with 
abscess formation has occurred. However, one would not expect to find 
very active sera in view of the low grade of immunity in protozoan 
infections generally and because of the comparatively slight response of - 
animals to the injections of amoba. 

Samples of sera were taken in ihe stage of active dysentery, during 
convalescence, and after recovery, the majority of cases having been treated 
with ipecac. The diagnosis of the cases was based upon the presence of 
a dysentery resembling the usual course of the amabic type together with 
the finding of amabx miscroscopically in the stools. No cases were avail- 
able in which spontancous recovery took place, although some had ex- 
perienced repeated relapses alternating with periods of several months in 
which no symptoms were present. i 

The sera from these cases were tested against the 4 races of amabe. 
As a routine, the serum was used in dilutions of 1 to 2, 1 to 5, 1 to 10, 
1 to 20, 1 to 50, and 1 to 100, the final readings being made after 18 
to 24 hours. In the first case which was tested, the sample of scrum was 
taken 4 days after the subsidence of an acute attack of dysentery. A 
definite reaction took place at 1 to 2 dilution with Race A, the amebe 
obtained from the city water supply. The preparations in the other 
dilutions and with all of the other amæbæ behaved like the controls 
prepared with normal serum. In a repetition of this test 4 days later, 
no reaction was obtained in any dilution with any of the 4 races of 
amob:w. The second patient who was examined had exhibited symptoms 
of chronic dysentery for many months. The rerum from this case re- 
acted only in 1 to 2 dilution with Race B, the amabe cultivated from 
the stcols of a dysenteric patient. All of the other preparations showed - 
mo lysis. There was no opportunity for confirming this result. The 
remaining cases that were examined consisted of 5 acute cases, 8 chronic 
ones, and 3 with liver abscess. The acute cases were examined while the 
symptoms were active and also within two to four weeks after recovery. 
None of these reacted with any of the races of amcebz that were tested. 
The 8 chronic cases were examined during a period of relapse and 5 of 
these were also tested at a later period when they were free from symp- 
toms. All, however, reacted like the normal control sera, the amebz 
remaining numerous and active in the 1 to 2 preparations and in all of 
the higher dilutions. Of the 3 cases of amebic abscess of the liver, one 
-was tested 4 days before exitus and the other two were tested at operation 
and after recovery. The sera of these cases produced no lysis with any 
of the cultures of amabx, and these cultures failed to agglutinate with 
the sera from the human cases. 

From- the behavior of these tests, it seems probable that the reactions 
obtained in the first 2 cases were merely accidental. The reaction re- 
sulted in one case with amœbæ secured from a well-protected river-water, 


IMMUNITY REACTIONS WITH AMGBA. . 297 


and in the other with amæœbæ cultivated from a dysenteric stool. In 
both instances, the tests were carried out at a time when the cultures were 
growing only moderately well. Both reactions were obtained in 1 to 2 
dilution and it is not unlikely that the absence of amæœbæ is to be ac- 
counted for by the excessive growth of bacteria. 

In as much as these tests failed to show any evidence of immunity, it 
seemed desirable to carry out some of the reactions with amebe known 
to be pathogenic, and to this end an attempt was made to utilize dysenteric 
stools in which the amœbæ were very numerous. The serum reaction as 
used with cultures of amcebx, requires come modification in applying it 
to a dysenteric stool, since the amæœæbæ disintegrate within a few hours in 
the stool itself, or in any ordinary culture medium. Accordingly, mix- 
tures of stools containing numerous amœbæ and the sera from dysenteric 
patients were made in the same manner as for cultures of amebe to 
determine whether any changes would take place within a few hours, be- 
fore the control preparations deteriorated. á 

Two patients were selected in which the stools consisted largely of 
blood and mucus, practically free from fecal matter and in which the 
amebx were numerous in every field. Equal parts of these stools were 
mixed, first with the undiluted sera from the corresponding patients; 
second, with the serum from a case with acute symptoms of dysentery ; 
and third, with serum from a patient who about three weeks previously 
had recovered from an acute attack of dysentery. Control preparations 
were made from normal serum. The amebe remained alive and active 
for a period of 2 hours. At the end of 3 hours the motility was much . 
diminished in all preparations and the amoebe were disintegrating in the 
preparations with the sera of dysenterie cases and in the control prep- 
arations as well. Further work upon the aetiology and diagnosis of 
amoebie dysentery by immunity reactions did not appear to he feasible 
on account of the lack of cultures known to be pathogenic. 


SUMMARY. 


The injection of cultures of amcebe into rabbits resulted in the pro- 
duction of serum which was cytolytic for amæbæ. : 

This serum possessed only a low grade of activity. No inactivation 
resulted after exposure to a temperature of 60? C. for periods varying 
from thirty minutes to three hours or 70° C. for thirty minutes. How- | 
ever, the anti-bodies of the serum were not proved to be thermo-stable, 
since normal serum became active when heated for one hour at 60° C. 

Of the sera produced by 4 cultures of amoeba obtained from parasitic 
and from saprophytic sources each serum was cytolytie for the correspond- 
ing eulture, but not for the other three. "This specificity indicates that 
‚these ambe are biologically distinct. Subsequent examination showed 
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that these amcebx are also distinguishable from each other upon a mor- 
phologic basis. 

Examination of the sera of amebic dysentery patients failed to de- 
monstrate any production of immune bodies for amœbæ during the course 
of the disease. However, the method which was employed was not satis- 
factory when applied directly to amœbæ occurring in bloody mucus stools. 
Consequently, the results do not represent any reaction upon amobe 
‘which are known to be pathogenic. Tests upon cultures of amæbæ did 
not give any definite evidence of the presence of either eytolisins or 
agglutinins in the patient's serum. 

Unfortunately these results do not lead to any definite conclusion but 
merely indicate that either immune bodies were not produced or that the 
cultures under consideration do not bear any etiologic relationship to 
amoebic dysentery. Certainly there is no evidence of pathogenicity; 
however, on the other hand, there is nothing but negative evidence in- 
dicating their harmlessness. 
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PART I. PREVALENCE AND DISTRIBUTION OF TYPHOID FEVER IN THE 
PHILIPPINES. 


INTEODUCTION. 


From December 1, 1908, to date of this writing (April 30, 1911) 
the Board for the Study of Tropical Diseases has been making for 
the Philippines Division the routine blood cultures and Widal examina- 
tions on the military patients suspected of having typhoid fever and, 
also, making for convalescents the cultural examinations of the stools 
and urine which are required before a soldier who has had typhoid is 
allowed to return to duty. For nearly all cases in which we obtained 
positive laboratory findings a clinical history has been furnished to 
the Board. From this laboratory and. clinical material we have been 
able to learn much of interest as regards typhoid in the Philippine 
Islands. 

The greater part of our material for blood culture comes from a considerable 
distance, the time consumed en route varying from a day to several weeks. 
The same applies to the stool and urine specimens, and, furthermore, these 
excretions are not sent for diagnostic purposes but only to determine that the 
convalescent is not a bacillus carrier. Therefore, the cultural examinations in 
a large proportion of our cases are negative. It follows that for diagnostic 
purposes we must depend mainly on the serum reaction. Recently antityphoid 


! Major, Medical Corps, United States Army, president of the United States 
Army Board for the Study of Tropical Diseases as they Exist in the Philippine 
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vaccination has been coming into quite general use among the American troops. 
As is well known, & typhoid vaccination will cause a positive Widal reaction, 
and of late it has been becoming obvious to us that the more general use of 
antityphoid vaccination would largely vitiate any deductions in the future 
which could be drawn from positive Widal reactions in fevers of doubtful nature. 
“For this reason we have decided to compile the results of our work to date, 
the possibility of typhoid vaccination having been excluded in all of the cases 


referred to below. 
While several articles from the pens of different authors have appeared on 


certain typhoid epidemics in the Philippines, (11) (12) (15) nothing, so far as 
we are aware, has been written which gives a comprehensive view of the typhoid 
situation throughout the Archipelago. Therefore, we feel that such a report 
can not fail.to be of value to those interested in the sanitary problems of the 


Philippines. 
TYPHOID IN THE TROPICS. 

Typhoid fever, although not classed as a tropical disease, nevertheless 
is one which is of great interest and importance to those practicing 
in warm countries where it should always be born in mind when the 
physician is confronted by a patient with any febrile disturbance. 

Manson says: “The existence of typhoid fever in the tropics was for 
long not only ignored but actually denied, even by physicians and 
pathologists of repute.”(1) Malaria has been the scapegoat for the 
diagnostic shortcomings of the tropical practitioner. At the present 
day it is quite generally conceded that typhoid is a common disease among 
white men resident in low latitudes and that it is alarmingly prevalent 
among young Europeans in many parts of the tropical Orient. Caste- 
llani(2) and Rogers(3) agree with Manson in this opinion. Rogers 
found that among Europeans born and bred in the Tropics the incidence 
of the disease was especially marked, in children under 15 years of age. 

As regards the occurrence of enteric fever among natives of warm countries 
less is known. Castellani (2) states that it is common. He says: “In most 
cases the temperature does not run the typical course dexcribed in text books 
on general medicine, having sometimes a high remittent type, and at others 
an intermittent type, while cases of mixed infection with malaria are not rare.” 
Rogers (3) found typhoid to be.common among natives in India and believes 
it would be more frequently observed were it not that adult natives have 
acquired an immunity as a result of an attack in childhood. The sick native 
children are not often seen by competent attendants. 


REPUTED OCCURRENCE OF TYPHOID FEVER IN THE PHILIPPINES. 


In the carly days of the American occupation of the Philippines 
it was the commonly accepted view that the occurrence of typhoid in 
these Islands was unusual.(10) That this opinion. still has adherents 
is shown by the statements published in 1910 by Dr. Victor G. Heiser, 
Director of Health of the Philippine Islands. He rays: “While cases 
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of typhoid fever are undoubtedly contracted in the Philippines the 
disease can hardly be said to be prevalent here. To prevent its acquiring 
a foothold regulations were prepared * * *,7(9) 


For a number of years, especially since more settled conditions have 
allowed general resort to laboratory methods, the belief has been growing 
among medical officers of the army that typhoid fever is by no means 
infrequent in the Archipelago. It is our opinion that the discase is 


wide spread and very common in the Philippine Islands among both 
white men and natives. 


Nichols in 1908 called attention to the frequent occurrence of typhoid fever 
among the Filipinos in the Visayas especially among the children.(11) Bruns, 
about the same time, stated that in his opinion typhoid was endemic in Iloilo. (12) 
Nichols also found typhoid fever among the natives at Taytay, a typical Tagalog 
town located about 32 kilometers from Manila.(13) La Garde(15) and Jack- 
son(10) have both expressed the opinion that the frequency of typhoid among 
the natives is not sufficiently appreciated. Brownlee, formerly stationed at 
Malabang in Mindanao, states that he. has found typhoid quite prevalent in 
Mindanao.(4) Dulin, after a long tour of duty in the Cotabato Valley, reached 
the conclusion that typhoid is endemie at all times and in all places in that 
portion of Mindanao.(4) Shockley, who has seen much service in Mindanao, 
confirms the above opinions as to the prevalence of the disease in that island.(4) 
Arlington Pond in a persona] letter gives it as his opinion that there is much 
more typhoid in the Island of Cebu than is recognized. W. A. Powell from 
Lucena mentions the occurrence of typhoid among both adults and children. 
Huber states that he finds typhoid almost constantly present in the town of 
Bayambang. Pangasinan Province, Luzon.(14) Phalen, for two years president 
of this Board, voiced the belief that typhoid is an ever present endemic disease 
‘throughout the Philippines.(4) Many other medical officers of the army have 
verbally expressed the same opinion. Spanish and Filipino practitioners refer 
to the frequent occurrence of a “calentura”, a fever of two or three weeks’ 
duration which does not yield to quinine. 


As will appear later, our laboratory findings confirm the above opinions 


as to the wide range of typhoid infection in the Philippines but can: 


not, of course, throw much light on the frequency of its occurrence 
in the native population. x 


TYPHOID STATISTICS FOR THE PHILIPPINES FURNISHED BY THE BUREAU OF HEALTH. . 
f 


Vital statistics in the Philippines, particularly outside ‘Manila, are 
notably unreliable because of the scarcity of competent pliysicians and 
because of the great number of natives who are never seen by any medical 
attendant even in an illness terminating fatally. In view of the almost 
universal tendency to ignore typhoid fever and to consider malaria the 
cause of the doubtful fevers it is probable that the following figures, 
obtained from the Bureau of Health, do not err in the direction. of 
exaggerating the death rate from enteric fever. a 


SGIENTIFIC LIBRARY 
INSTITUTE Op SCIENCE 
(Formerly Bureau of Scienge) 
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Taste L—Typhoid fever in the Philippines. 


i Number of deaths, 
Calendar year. j 
Manila.» Provincess! 


2, 458 
2,133 
2,371 
2,887 


2,336 


a The population of Manila in 1907 was 223,543, divided as rollows: Americans and 
Europeans 9,079; Chinese 18,028; Filipinos 195,282; others 1,143. The population of 
the provinces referred to is approximately 6,434,390. 


Granting a death rate of 20 per cent (which seems a liberal one and 
is much higher than the experience of the army among either white or 
native soldiers), the average of 82.4 deaths annually would indicate a 
yearly incidence of 412 cases of enteric fever in Manila or one per year 
for each 542 persons. 

This average yearly rate of 82.4 deaths in a city of 223,543 people 
represents a mortality of 36.8 per 100,000. The Census bulletins for 
the registration areas in the United States show the death rate from 
iyphoid per 100,000 to have been 25.3 for 1908, 30.3 for 1907, and 
32.2 for the period 1901 to 1905.(22) The rate per 100,000 from 1901 
to 1905 averaged 11.4 for Scotland, 11.2 for England and Wales, 13.1 for 
Ircland, 16.8 for Delgium, and 7.6 for Germany. 

The following list shows the position of Manila as compared with 
certain large cities in Europe(23) and America. (22) 


[The figures indicate deaths from typhoid per 100,000 of population.) 


[ City. Deaths. 


City. Deaths. 


1, Pittsburgh 129.6 | 36.8 
.2. Allegheny _. 110.1 || 9. Toledo... 36.3 
3. Washington...) 56.6 | 10. Baltimore... 35.8 

| 4 Philadelphia...) 52.8 | 11. Buffalo... 28.9 
| 5. New Orleans. 40.9 || 12. Chicago....---. 23.4 
6. Memphis. 37.& || 13. San Francisco 27.0 

7. 8t. Louis .. 37.2 || 14. Boston „.... -=m 22.2 


As compared with American communities it will be seen that Manila 
corresponds with the middle group including such places as New Orleans, 
St. Louis, Toledo, and Baltimore. 1t is exceeded only by a few cities 
which are notorious for high typhoid rates. Its mortality record is far 
above that for the best American cities which themselves have an enor- 
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mously greater typhoid rate than do many of the municipalities of 
Europe. 


As regards the accuracy of the typhoid death rate in Manila, Doctor Andrews, 

in charge of the city morgue, states that he encounters many cases of typhoid 

- at the autopsy of native bodies and that he considers the average of 82 deaths 

per year to be well within the limits. Most of the cases he finds have been un- 
diagnosed or incorrectly diagnosed. 


THE INCIDENCE OF TYPHOID AMONG AMERICAN SOLDIERS IN THE PHILIPPINES. 


Considerable doubt may attach to the accuracy of the diagnoses in 
some of the deaths reported to the Bureau of Health as caused by typhoid, 
but in the case of the Army statistics for Americans during the past 
ten years this possibility of error is reduced to a minimum, since every 
soldier seriously ill is treated in hospital and the diagnosis in nearly 
all instances is made with the aid of laboratory facilities. 


During the year 1898 typhoid was everywhere epidemic among the untrained 
volunteer troops in the United States. Throughout 1899 it decreased at the 
home stations but was widely prevalent in the Philippines among the great 
numbers of newly recruited volunteers who were undergoing the hardships of a 
strenuous campaign. These two years would show nothing of value when com- 
paring the admission rates for troops serving in the Philippines and in the 
United States. Therefore, they have been omitted from the tables below which 
begin with the year 1900 and are compiled from the reports of the Surgeon 
General of the Army. ` 


TABLE II.—Typhoid fever in the United States Army, American troops. 


Philippine Islands. United States. 
Calendar year. Admissions. Deaths. Admissions, Deaths. 
Mean Mean = i 
strength. Num. | Per |Num.| Per strength.| Num. | Per |Num-| Per 
ber. |1,000.| ber. | 1,000. ber. [1,000.| ber. | 1,000. 


66,882 716 | 10.71 141 | 2.11) 20,690 115 | 5.56 9| 0.43 | 
59,526 315 | 5.29 58| 0.97 | 26115 260 | 9.48 17| 0.64 ; 
32,942 201| 6.10 32| 0.97, 39,736 341 | 8.58 34] 0.86 | 
18,671 82| 4.39 0.80 | 42,264 246 | 5.82 12| 0.28 | 
11,996 233] 1.92 0.42 | 43,940 247 | 5.62 12] 0.27 
1,057 31 | 2.80 0.27 | 42,834 153 | 3.57 13| 0.30 


E 


11,699 41| 8.50 
1,97 33 | 2.76 


0.26 | 85,132 124 | 3.53 7| 9.19 | 
0.41 | 46,816 136 | 2.94 1| 0.23 ; 
0.15| 57,124 173 | 9.08 16 | 0.28 


5 
5 
3 
12,380 48 | 3.88 0| 0.00) 40,621 230 |. 5.66 11| 0.28 
3 
5 
2 


Total .. 264 |__-----| 394,772 | 2,000 KL... 141 ILL] 
Average for 10 
years ..... 24,997 | 156.9 |*6,28 | 26.4 |e1.06 | 39,477 | 201.5 |*5.10 | 14.1 /*0.36 


a Average admissions and deaths per 1,000 are based on the average of admissions 
and deaths for ten years as compared with average mean strength for same period. 


For comparison with the above there is given below a table covering the 
same period and showing the number of admissions for malarial fevers and 
fevers of undetermined causation. 
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Tapete IIL— Malaria and undetermined fevers in the United States Army, 
American troops. 


Philippine Islands. H United Btates. 


Fevers | Malarial fevers, | Fevers | Malarial fevers, 
Calendar year. undeter- RETS ‚undeter- _ 
Mean | mined, Mean | mined, 

strength] admis- | Admis- | Deaths jstrength: admis- | Admis | Deaths | 

‘sions per sions per| per sions per sions peri per 

1,000. | 1,000. | 1,000. į 1,00. | 1,000. | 1,000, 

EN He Se = 
1900-__---=--- -----------] 66,882 29.01 | 874.23 1.59, 20,690, 8.67 | 158.47] 0.19 


59,526 | 25.38 | 501.62] 0.65) 26, 515 | $22| 109,07] 0.00 | 
32,942 | 20.23} 402.94 | 0.64 | 39,736! (7.65! 93.09; 0.06 
18,671] (9 451.33 | 1.26) 42,264, (9) | 57.46] 0.00 | 
11,996 | 33.34 | 218.82] 025| 43,940! 6.25] 47.43] 00; 
1,057, 35.27 | 258.84 054| 42,534] 6.91 | 4&84j 00 | 
12,380 8.97 | 804.20} 0.53 | 40,621 T78| 2| 0.02 
11,699 | 15.73 | 167.79} 0.17! 85,132] 4.67] 80.20] 0.00 
11,972 | 25.81} 123.97] 0,16) 46,816] 8.80] 26.69) 0.00 
12,844 | 25.46 | 112,35] 0,15) 57,124 | 2.15| 23.06; 0.00 


a No data. 


There was no mortality for the undetermined fevers shown in the Table III 
except in 1900 when it was 0.01 per 1,000 in the Philippines and 0.05 per 1,000 
in the United States. 


On studying these tables it will be observed that for the ten-year period 
the typhoid admission rate per 1,000 has been higher in the Philippines 
than in the United States, 6.28 as compared with 5.10. The death rate 
from typhoid has been three times as high in the Philippines, 1.06 per 
1,000 as compared with 0.36. During the years 1907 and 1908, when the 
sanitary conditions and the service conditions in the Philippines closely 
approximated those at home, the typhoid admission rate has not materially 
differed in the two countries while in 1909 it was twice as high in the 
Philippines as in the United States. The admissions for 1910 have been 
38, making an admission rate of approximately 3.1 per 1,000 which 
exceeds the home rate for 1908 and 1909. 

In considering the comparative admission rates for typhoid in the Islands 
and at home, it is important to bear in mind that in the United States the water 
supplies of many towns and posts are not above suspicion, yet little care is 
generally exercised by soldiers to avoid drinking these doubtful waters. In the 
Philippines distilled water of unquestioned purity is everywhere furnished for 
soldiers and the fear of dysentery and cholera, together with the stringent orders 
on the subject, make the drinking of this water very general. If the same 
carelessness in drinking which we see everywhere at home were practiced here, 
we believe that the typhoid rate would be very much higher than it is at present. 


A consideration of the above remarks points very strongly to a wide 
spread and easily accessible source of typhoid infection in these Islands. 
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That this source is also accessible to the native troops is shown by the 
following table: 


TanLE 1V.—Admissions among Philippine (Native) Scouts of the United States 
Army for typhoid, malaria, and undetermined fevers. 


Admissions, | Deaths: | 
ees uus zh MUR -! 
s " Mean | Typhoid fever. Fever, | Typhold fever, 
Calendar year. nlrength, Mala: ade yp | Mals- | 
an fever | rained, 
Num- Per per per | 
ber. 1,000, | 1.000. 1000. 


1,28 | 812.67 19, 4h | 
1.77 236.97 20.48 
1.90 209.96 17.69 


Jeaesano 
2. om: 
» 
a 
= 
= 


“ * There were no deaths from undetermined fevers. 


Table [V shows that there has been a constant, though low, admission 
rate for typhoid among the Philippine Scouts since their organization. 
It is certain that the diagnoses for sick Scouts are lera thoroughly worked 
up than are those of the white troops because of racial peculiarities 
and the difficulty of understanding their language, and also because of 
the fact that many of the Scout organizations are at small and isolated 
posts with meager laboratory facilities. Therefore, some cases of typhoid 
may lie hidden in the great mass of admissions for malaria and undeter- 
mined fevers, only the most characteristic cases being correctly diagnosed, 

Since most of the Scouts are at ports where they come in contact with very 
few white men, it is almost certain that they pick up their Infection at the post 
or in the country surrounding and that the disense in not imported from the 
United States as might be urged in the case of the white soldiers, 

The*lesser incidence of typhoid among the Scouts as compared with American 
troops corresponds with Rogers’ experience with native troopa in Initia. He 
attributes this difference to the influence of typhoid in childhood. 


DISTRIBUTION OF TYPHOID FEVER IN THE PITILICTINES, 


The distribution of typhoid throughout the Archipelago, in ro far as it hae 
come under the notice of the Army medical officers, is shown in "Table V. 


TanLE V.—Distribution of typhoid fever in the Philippines, Army statistics. g 
ere = — R 
Number of admissions for typhoid fever. | 
\ MC 5 ars wil 
Town or post. i Island. T 1 i 
R 1904 | 1005 | 1006 | 1907 | 1908 | 1900 | 1910 | MR | Tota : 
1 l ! 
Keithley _ 
Marahui .. 
Cotabato (8) 
Vicars ... 
Overton .... 
Malabang 
e g 
(5) z 
e 
w 
t 
E 
a) Z 
wD € 
Downes 
Dagami e 
Field ..... 2) 
Bumpus 
Connell 
a! 


9216907 


Luzon ... 
|.--..do 


Wallace „n-~ i-am- s. 
San Fernando, Union. 
Pasay... 
Wilhelm 
Manila Posts 
Imus... 
Daraga ... 
| Floridablanca 


San Pablo 
Malahi --_.-.-_.----...---.-.--------- 
Bel nn nn 


Numbers ‘inclosed in parentheses () represent native cases, 


Spaces marked with a plus sign (+) indicate that one or more cases occurred at the locality indicated but the records do not show the number at 
In the horizontal totals the item marked with a plus sign (-+) has been counted as one case only, 


many of the posts and give only the total for the year. 
consequently horizontal and vertical grand totals do not agree, 


Corregidor .-.......--.----. 


2 (1) ' 


2 (1) 


48 | $ | 37()] &(9 
T- i 


10 (12) 


4() 
(2) 
(1) 


* Includes Division Hospital. 


No statistics available for natives 1904-1906. 
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The figures in Table V were obtained from the reports of the Surgeon General 
of the Army, the records of the chief surgeon, Philippines Division, the records 
of this Board, and in a few instances from personal knowledge of members of 
the Board. The table does not pretend to be complete but it is sufficient to 
indicate how widely spread throughout the Archipelago is the infection with 
typhoid. The accompanying “spot map” graphically indicates the distribution. 
In considering Table V it must be borne in mind that the localities mentioned 
represent a majority of the places in the Islands where there are competent 
observers or laboratory facilities. 

The Bureau of Health mortality statistics for the provinces cover all parts of. 
the Archipelago except Mindanao, Jolo, and adjacent small islands. These reports 
show typhoid to be an extremely common cause of death in all of the important 
islands, the mortality rate in some provinces for certain years ranging from 50 
to more than 160 per 100,000 of population. We have not gone into these 
figures in more detail because of the uncertainty which attaches to the diagnosis 
of typhoid, or any other disease for that matter, in the provincial reports. 


WIDAL EXAMINATIONS ON THE BLOOD OF HEALTHY ADULT NATIVES. 


With a view to determining how large a proportion of healthy natives 
might show the influence of antecedent typhoid, as evidenced by a positive 
Widal reaction, the Board has obtained the blood of 307 adult male Fili- 
pinos and the results are shown in Table VI. These examinations were 


made in 1910 and 1911. 
TABLE VI.—Widal examinations on the blood of healthy Filipino adulte. 


A $ Widal, dilutions | Widal, dilutions 
a Rave or, [Numi about 1 to 20, about 1 to 50. 
ation or town, Island. . tribe, ber. 
Positive. |Negative. 
12 1 
Filipino _.. 52 4 
Camp Wilhelm Visayan ...! 12 0 
Camp James.. 2 0 
Cotabato ___- 12 0 
Camp Wallace.. 12 0 
Regan Barracks. Ilocano ...| 2|- 2 
Visayan 12 2 
Moro .. 12 0 
---..do 6 0 
Visayan ...| 12 1 
Macabebe .| 86 4 
Visayan ...| 40 9 
Igorot ...... 20 2 
i Cagayan__. 12 4 
Ilocano _-- 13 0 
1 Corregidor ..| Visayan ..- 20 0 
| 20 
| 6.5 


Reactions ín 1 to 50 dilution were done only on those cases which proved postive in 
1 to 20 dilution. 
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There are few data available to indicate what proportion of healthy 
men in any country might give a positive serum reaction from causes 
other than antecedent. typhoid. The length of time that the Widal 
reaction persists after convalescence from enteric fever is variable, ranging 
from six weeks to twenty years, the long continuance in some cases 
perhaps being due to bacilli persisting in the gall bladder. The fact 
that 6.5 per cent of the adults we tested showed a positive reaction in 
1 to 20 dilution and 2.9 per cent in 1 to 50 dilution probably points to 
an antecedent attack of typhoid in some of these individuals and, when 
taken with the statistical evidencet already presented, is suggestive of a 
wide spread distribution of the disease in the native population. 

THE INFREQUENCY OF SEVERE AND FATAL EPIDEMICS AMONG NATIVES, 


The above quoted statistics and examinations indicate to our minds 
that typhoid is very generally present in the Philippines. The water sup- 
plies are almost universally bad, the proper disposal of excreta is almost 
entirely neglected, the crowding in the habitations and the native manner 
of eating favor contact infection. Yet, in spite of these unfavorable 
conditions, there is little evidence that severe and destructive epidemics 
of typhoid, fever occur among the Filipinos. The. relative scarcity of 
typhoid among the natives in India is thought by Rogers to be due to 
immunity acquired in childhood. Nichols(11) expresses the opinion that 
typhoid is prevalent among children in the Philippines. To determine 
if evidences of previous typhoid in Filipino children could be detected, we 
performed Widal reactions on the blood of 284 healthy school children. 
The results are shown in Table VII and are entirely negative except for 
three cases at Ormoc, a town where we had good reason to believe that 
typhoid had recently prevailed. . 

TABLE VII.—Widal examinations on the blood of healthy Filipino school 


children. 
Widal, dilutions | Widal, dilutions 
Race about 1 to 20. about 1 to 50, 
Town, Island. t or Number, 
i pees Positive. |Negative.| Positive, |Negative. 
| = ees eee 
Baguio ............| Luzon .......| Igorot -.--- 45 0 
Tagalog --- 80 0 
PSU do _---- 50 0 
Visayan --- 14 3 
Filipino ..- 7 0 
30 0 
22 0 
36 0 
Floridablanca ..... 26 0 
Ni 24 0 
8| m| 1 2 
1.0 99.0 9.8 |... za 
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It will be seen that the percentage of positive results was much less 
than among adults. These children ranged from four to thirteen years 
of age and the majority were under eight years old. If typhoid were 
common among the Filipino school children, it is probable that the per- 
centage of positive reactions among them would be considerable. It is 
possible, of course, that the disease may oceur widely among infants and 
that the agglutinating influence in nearly all cases had passed away before 
the time at which we saw these children. However, such an explanation 
does nd@ appear to us probable. i 

Our clinical records, to be discussed later, indicate that a considerable 
number of the cases which give positive laboratory finding present clinical 
appearances entirely different from the classic description of typhoid 
fever. Patients with a short course, little fever and few symptoms. 
were found commonly among both Americans and Filipinos. It is by 
no means unlikely that such cases throughout the native population are 
very common and that the true nature of the malady is overlooked. The 
disease in this form can be diagnosed by laboratory procedures alone, 
and it is only by working along this line that the true incidence of typhoid 
fever among the Filipinos can be determined. 


INFLUENCE OF SEASON ON PREVALENCE OF TYPHOID. 


In Europe and America typhoid fever may occur at any season, 
but its incidence is greatly increased in August, September, and October. 
In India, as a whole, Roberts has shown that the disease is very generally 
distributed throughout the year as follows: first quarter 18.1 per cent; 
second quarter 31.3 per cent; third quarter 28.1 per cent; fourth quarter 
22.4 per cent. The experience for four years (the only ones for which 
monthly records are available to us) shows that in the Philippines 
the disease is distributed throughout the year in a quite regular manner. 


Taste VIII.—Incidence of typhoid fever by months in the Philippines. 


Quarter. 


Month. 1904 | 1908 | 1909 | 1910 | Total. [- - —— y —— 
INumber,| Per cent. 


2 8 1 7 18 
1 5 7 19 3 | 78 24.61 
1 13 7 2 42 
1 8 1 2 12 
0 9 2 0 n | 4 13.88 
5 14 2 0 21 
4 25 5 4 38 | 
2 23 8 0 33 | 90| 28.89 
H 14 3 1 19 
3 12 43 2 60 
November.. 1 17 3 0 21 | 1% | 8.12 
December .. 2 13 5 4 24 


Total ............. 23 156 


EA 
Ed 
2 
g 
S 
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The considerable increase in the last quarter may be considered accidental 


since the 43 cases in October, 1909, all occurred at one post, the Ludlow Barracks 
epidemic. i 


The season variès considerably in the Philippines in different localities and 


for different years, but in general it may be said that the period from December 1 
to June 1 represents the dry season. 


Since our military patients mainly are drawn from a population 
consisting almost exclusively of young adult males, it has been impossible 
for the Board to draw any conclusions as to the influence of sex or 
age on the incidence of typhoid in the Philippines except in so far 
as we have mentioned the latter factor in the paragraph below Table VII. 


PART II. LABORATORY INVESTIGATIONS OF TYPIIOID FEVER IN THE 
PHILIPPINES. ` 


During the two and one-half years that the Board has been working 
on the subject of typhoid fever the following examinátions have been 
made in the case of persons having typhoid fever or suspected of having it. 


TABLE IX.—Ezeminations by the Board on persons suspected of having typhoid, 
December 1, 1908 to April 30, 1910. 


à Cultures from— 
Widal 


Results. testa, |e ee 

Stools, | Urines.| Blood. | Bile, 

Positive .. a2) 19 9 ni aij 
Negative. 261; 498} 320} 199 | oœ] 
453| 517| .s20 156 1 | 


The 453 serum reactions were performed on the blood of 369 persons. The 
192 positive Widal reactions were made on the blood of 177 persons, of whom 
118 were Americans and 59 were Filipinos. The 517 stool cultures were made 
on 199 individuals, the 329 urine cultures on 164 individuals, and the-156 blood 


cultures on 141 individuals, 


BLOOD CULTURES, 17 POSITIVE, 139 NEGATIVE. 


The organisms were sought in the blood by placing it in sterile bile, 
incubating for twenty-four hours and plating on Endo medium. Many 
of our specimens of blood were very old and the amount small, which 
accounts partially for the small number of positive findings. The 
fact that the disease in many instances was far advanced needs also 
to be considered. All of our positive blood cultures were obtained 
from patients in the Division Hospital or at posts+we visited, and from 
these patients we obtained a large amount of blood and placed it at 
once in the bile medium. Since all of these cases came under our 


immediate observation, we feel sure that the days of the disease, as 
shown in the following table, are approximately correct. 
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TaBLE X.—Days on which positive blood culture was obtained. 


— 
E | ee C — 

1 i Twelfth ..... 1 

1 || Thirteent 1 
Sixth .... 1 2 || Fourteenth. 1 
Seventh .. | 2 | Unknown 1 

3 

8 . 

1 

En á u nl 


Among the cases which showed bacilli in the blood at the end of the 
first week or later the following are of interest: 


Taste XI.— Relation of Widal reaction to positive blood culture. 


Day. l 
Case. e$ sema — —- — a Ss. d 
Blood positive, Widal negative. Widal positive, 
8 | Fourteenth... Twelfth ..... Fourteenth. 
4 | Seventh __. Seventh Ninth. | 
258 | Eighth .. Sixth...... Ninth, 
W. | Seventh _. Sixth and tenth. .| Twenty-first. 
B. | Eighth .... Seventh ..... Eighth, 
T. | Twelfth Twelfth ..... ---] (7) 
402 Sixth and seventh ........| Twenty-second. | 


STOOL CULTURES, 19 POSITIVE, 498 NEGATIVE, AND URINE CULTURES, 9 POSITIVE, 
329 NEGATIVE, 


Stool and urine specimens were smeared over the surface of Petri 
dishes containing Endo medium. Cultures from the excreta were rarely 
employed for diagnosis, Nearly all of those shown in the table were 
made during convalescence to detect possible carriers, three negative 
cultures at six-day intervals being required before a soldier was returned 
to duty. These facts account in the main for the low proportion of 
positive findings. Another factor which must be considered is that 
the stools and urines in many cases had come a long distance. Our 
experience, both practical and experimental, has been that after a few 
days no typhoid bacilli can be obtained by cultural methods from a 
stool, whether naturally or artificially inoculated with Bacillus typhosus. 


CHARACTER OF TYPHOID ORGANISM ISOLATED IN THE PHILIPPINES. 


At the end of 1908 this Board had found the blue strain of typhoid in 5 
patients in the Philippines and expressed the opinion that the prevailing type 
of organism in the Philippine Islands might be one which produced primary 
acidity in litmus milk followed after several days by alkalinity. Further ex- 
perience has not confirmed this view. During nearly two years we have isolated 
only one blue typhoid organism from either a native or a white man, and 
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recently, on re-testing a number of organisms, isolated in the Philippines, all 
except that one failed to give the blue reaction. Therefore, it is, probable that 
the blue strain occurs with no greater degree of frequency in the Philippine 
Islands than in the United States, The distinction in type is probably of no 
importance and the variations reported may at times be due to the use of milks 
containing variable quantities of monosaccharid. In fact, acidity followed by 
alkalinity is given as the type for typhoid by Hiss and Zinsser.(20) 


It appears that there is no constant difference, either in their litmus- 
milk reaction or in their behavior in the presence of immune sera, 


between the strains of Bacillus typhosus found here and those met 
with in the United States. 


WIDAL EXAMINATIONS, 192 POSITIVE, 261 NEGATIVE. 


The 192 positive examinations were made on the blood of 177 indi- 
viduals of whom 5 had received antityphoid vaccination and two others 
gave a clear history of previous typhoid, leaving 170 cases in which 
the positive reaction was of diagnostic value. 

Only the microscopic method was employed by us in making the agglutina- 
tion test, both loss of motility and clumping being required before making a 
positive report. A dilution of 1 to 50 was used and one hour allowed to elapse 
before recording the result. Part of these tests were made with fluid blood and 
the remainder with dried blood, the dilution in the latter cases being, of course, 
only approximate. 


Nichols (11) and Bruns(12) in the Islands of Leyte and Panay inves- 
tigated two epidemics in which they found an absence of the Widal 
reaction until very late in the disease. In 11 cases Nichols found it 
absent on an average till the twenty-fifth day. In the 177 positive 
Widal reactions obtained by us we were often dependent on others for 
the statement of the day of the disease. As thus given, the figures are as 
follows: 


Taste XII.—Days on which positive Widal reactions were obtained. 


Day. um, Dun Mami man (Wr 

7 || Twentieth....... 1 || Forty-fifth_.___ 1 

Twelfth al 1 || Twenty-first... 8 |; Fifty-eighth.... 1 

Thirteenth e 5 || Twenty-third ..| 1 || Seventy-thir 1 

Fourteenth... 8 || Twenty-fifth | 1 || Unknown*....| 35 

| Fifteenth... 2 || Twenty-sixth -- 3 Total.....|. 177 
Bixteenth ....-- 2 || Twenty-seventh| 1 
Seventeenth.. 1 2 
Eighteenth. 2 8 | 1 
> i Nineteenth... 3 || Thirty-seventh _ 2 


* This “unknown” group contains 5 positive Widals obtained in persons who had been 
vaccinated against typhoid and who did not have tbe disease, 2 obtained In persons not 
suffering from typboid but giving a clear history of a previous attack, a few from whom we - 
never received records, and a series of 20 natives found at San Fernando who undoubtedly. 


had the disease but from whom no history was obtainable. 
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From a study of the temperature charts of the patients we feel sure 
that many of the cases were somewhat further along in the disease at 
the time of the appearance of the Widal reaction than would be indicated 
by the above figures. On the other hand, most of the cases reported 
above as having a very late serum rcaction undoubtedly would have shown 
one earlier, but none was done till the date indicated in the table, 
In a series of cases in which a negative followed by a positive reaction 
was obtained and in which the onset of the disease has been fixed with 
reasonable accuracy from the clinical records we found no notalle pro- 
longation of the pre-agglutination stage. The figures appear in Table 
XIII. 


TanrtE XIIL— Days on which Widal appeared in patients who had previously 
given a negative reaction. 


Day. Day. 


Case Case 

num- xm num- —— y: 

ber. Widal negative, Widal positive. || ber- Widal negative. Widal positive, 
5 | Sixth and seventh ____| Eighth. 117 | Seventh and eighth...| Tenth. 


Eleventh. 108 | First and third... | Fourth. 
Eighth, 138 Seventh, 
Ninth. 131 Fourth. 
Thirteenth. 128 Fifth. 

Ninth. Eighth. 
Seventh, 213 
Fourth. 402 
Eighth. è 
„| Twenty-fourth. Average ..........| Ninth. 
137 | Fourth and seventh_..| Tenth. 


From our 89 characteristic cases of typhoid fever, analyzed below and in 
which the date of onset could be quite definitely fixed, we obtained positive 
Widal reactions on or before the tenth day of the disease in 72 per cent and 
on or before the fifteenth duy in 87 per cent. In all but one of the remaining 
13 per cent no serum test had been performed prior to the fifteenth day, and 
it is probable that all or nearly all were positive before that time. 


From the above figures it is evident that the experience of the Board 

does not indicate any general tendency toward unusual delay in the 

. development of agglutinins in the blood of patients suffering from 
typhoid fever in the Philippines. 


We have analyzed the clinical records of over 100 patients with elevations of 
temperature and for whom negative Widal reactions were obtained. In only 
one instance was there the slightest reason to believe that the febrile condition 
was enteric fever, and in this single case the temperature curve and symptoms 
were not entirely characteristic. Repeated typhoid serum reactions were negative 
up to the fourtcenth day, after which time no specimens were submitted. Serum 
reaction with Bacillus paratyphosis was reported negative but fell in the class 
of reactions which some observers report as “partial.” The leucocyte count was 
9,000 and there was 33,8 per cent of small lymphocytes and 9.2 per cent large 
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mononuclears, No pigmented’ leucocytes were seen. A relapse occurred in 
this patient which promptly yielded to hypodermic use of quinine although 
Previous examinations for parasites and previous use of quinine by mouth had 
resulted negatively. The true nature of this case remains in doubt, 


TYPHOID BACILLUS CARRIERS. 


Failure attended our efforts to detect carriers as a result of 517 stools 
cultures. made on 199 individuals and 329 urine cultures made on 
164 individuals. However, we discovered one typhoid bacillus carrier 
by accident while examining for dysentery the stool of a patient who 


had been having loose movements of variable frequency for nearly 4 
months., i 


The patient, aged 30, gave no history of typhoid fever. He had been in the 
Philippines one year and had ten years’ service in the Army. He had dysentery 
in 1907. The last part of June, 1910, while on a mapping detail in the field, 
he developed a very severe attack of diarrhæa with some blood and mucus. Did 
not go on sick report and diarrhea persisted. Lost about 28 pounds in weight. 
On admission to Division Hospital September 5, 1910, he was having about 4 
stools daily, usually liquid and yellowish or clay-colored. They contained neither 
blood nor mucus. During his stay in the hospital from September 5 to October 
14, 1910, his temperature never went above 37°.4C. and was generally normal. 
Pulse averaged 90 at times reaching 110. Repeated examinations of the stools 
for ova and amebe were negative, 

The first stool culture was made on October 13, the day before he sailed’ for 
the United States and about 110 days after his original attack of diarrhea, It 
was positive for Bacillus typhosus. Meantime the patient had sailed for the 
United States, but by telegraphic request we obtained a specimen of his blood 
while the transport was at Mariveles and this gave a positive Widal reaction. 

Under date of November 19, 1910, the commanding officer of the General 
Hospital at Presidio of San Francisco notified us that the soldier was still 
excreting typhoid bacilli. ‘ 

As far as we can learn this is the only carrier which has been found in the 
Philippines. 

PARATYPHOID FEVER AND GROUP AGGLUTINATION. 


Strong in 1902 reported the recovery at autopsy of a paracolon organism from 
a soldier who had died with the usual symptoms of typhoid.(21) Ruediger, at 
the Bureau of Science, recently isolated a para-typhoid strain from the blood 
of a dog which died of rabies and showed also a purulent pneumonia. (Our 
experience with the paratyphoid organism is confined to one case. The patient, 
who also had tubereulosis, ran a febrile course of eighteen days’ duration, the 
curve suggesting mild typhoid fever. There were the usual premonitory symp- 
toms of typhoid fever, and the progress of the disease was characterized by 
constipation, tympanites, pain in head and neck, splenie tumor, and normal 
leucocyte count. From the blood was obtained a pure culture of Bacillus 
paratyphosus “A.” The blood serum at first agglutinated both Bacillus typhosus 
and Bacillus paratyphosus. At a later date it failed to react with the former 


organism? 


? Since this writing we have isolated Bacillus paralyphosus “A” from the 
blood of a Japanese with a continued fever at Camp Stotsenburg. 
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- -We have tried the agglutination reaction with Bacillus paratyphosus on a 
considerable number of patients, and aside from the above have obtained positive 
reactions only twice, one of these sera also reacting with Bacillus typhosus. A 
more detailed report of the above case and a discussion of the subject of group 


agglutinations is contained in our quarterly report for December 31, 1910. 


OBSERVATIONS ON THE BLOOD OF TYPHOID FEVER PATIENTS. 


The blood of all of the patients considered was examined for malarial 
organisms with negative results except aa noted below under complications. 
No other'blood work was done on the cases except leucocyte counts, most of which 
were made at the laboratory of the Division Hospital on patients who were 
being treated in that institution. Thirty-six white blood counts were made 
on the blood of 19 patients and 31 differential counts on 15 of the same 
individuals. The average results divided as to race, appear below: 


TanLE XIV.—Average white blood counts on typhoid fever patients, 


ie S | ! E 
Leuco. |Polymor-| Small Large | Trani- | Eosino- | Mast 
Average. eytesper| pho- lympho- | lympho- 
| c. mm. |nuclears.| cytes. eytes. tlonals. | philes. cells, 
Americans . 6,510 66.2 25.7 6.8 1 0.6 [31 
| Filipinos 10,234 66.9 26.3 5.8 0.8 | 0.5 0.7 
| Both races... 7,669 66.5 | 925.9 | 6 0.8 | oc] 0 


These counts were made in the first week or ten days of the disease 
and do not show a tendency to the usual leucopenia, the average being 
normal for the white men and rather sbove normal for the natives. 
The lowest count for a native was 6,300 and the highest 15,400. For the 
Americans ten counts were below 6,000, fourteen’ between 6,000 and 
10,000, and one was 11,500. 

Rogers in a study of typhoid in India found the small lymphocytes to be 
increased above the normal maximum of 30 per cent in over one-half his 
patients. In our series this was not the case, in fact we should consider the 
average of 25.9 per cent as low, since it has been our experience that in tho 
Philippines the count of the small lymphycytes is uniformly high in healthy men, 
usually ranging above 30 per cent. This is true for natives, and for Americans 


with one or more years of tropical service. 
The low eosinophile count in this native series is very unusual and probably is 
due to the fact that most of the patients were Scouts who had been relieved of 


their intestinal parasites prior to acquiring typhoid fever. 
PART III. CLINICAL ASPECTS OF TYPHOID FEVER IN THE PHILIPPINES. 


After excluding vaccinated patients, persons with clear histories of 
previous typhoid and one case of paratyphoid there remain the clinical 
histories of 157 patients sick during the last two and one half years 
and for whom the laboratory findings indicated the existence of typhoid 
infection. For clinical analysis we have divided these cases into four 
groups.as follows: i 

Group I; ? ceses terminating fatally ; 4.5 per cent. E 
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Group II; 19 cases with short ill-defined fever of less than 10 days’ 
duration; 12.1 per cent. 

Group III; 41 cases of irregular fever of less than 10 days’ duration, 
probably representing last part of mild ambulant typhoid types; 26.6 
per cent. ; 

Group IV; 89 cases of well marked continued fever, clinically typhoid, 
lasting more than 10 days; 56.6 per cent. ` » 


GROUP I. CASES TEBMINATING FATALLY, 


Seven patients out of the 157 died, a mortality of 4.5 per cent, The 
cause of death was peritonitis following perforation of the intestine in 3 
instances, toxemia in 3, and shock following hemorrhage-in one, Bacillus 
typhosus was obtained from the blood of 3 of these fata] cases and from 
the gall bladder of another, : 

Rogers found a mortality of 16.3 per cent among 129 cases in Calcutta 
and reports that in the British army in India the returns show a death 
rate of 26 to 27 per cent at the present time (1909—1910). This in- 
dicates a more serious condition than is seen in these Islands, The range 
in the typhoid mortality experience of the Army in the Philippines for the 
last ten years as contrasted with that among the troops in the United 
States is shown in Table XV: Er 


TABLE XV.—Hortality for typhoid fever in the Army in the Philippines and 


United States, " 
In the Philippine Islands. In the United = 
American troops. Fillpino troops. American troops. 
Calendar year. 

: Cases, |Deaths,| Mortal-| Cases, |Denths,| Mortal-| Cases, |Deatha,| Mortal- 
t num- | num- jity, per| num- | num- [ity, per| num- um- lity, per, 

ber. ber. | cent. | ber. | ber. | cent, | ber. | ber. ent, 
| 7.83 
i 6.80 
9.97 
| 4.88 
i 4.86 
1 8.50 
' 4.78 
i 5.65 
| 8.09 
i 9.25 
f | 817.65 |. 17.05 
i 
i i 


“The average mortality was obtained by dividing the total number of deaths for the 
period under consideration by the total number of cases for the same period. 


It will be observed that the average mortality is a trifle higher for the 
Filipino than for the American troops serving in the Philip pines, 17.6 
. per-cent as compared with 16.8 per cent. It is quite probable that 


et 
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the death rate would be lower if every case of mild enteric fever occurring 
among ihe Scouts received the appropriate diagnosis. Rogers found a 


death rate of 26 per cent among 50 native Indian cases. Among the 26 - - 


Filipino cases for which we received clinical histories only one died, a 
mortality of 3.8 per cent. The average mortality for ten years among 
the American soldiers in the Philippines is very much higher than at 
home, 16.83 per cent compared with 7.05. This can be attributed mainly 
to the large amount of typhoid with a high mortality in the firet four 
years of the decade, a time when the facilities for nursing, feeding and 
sheltering the patients were less favorable than in the United States. 
During the last six years, when the conditions in the Philippine hospitals 
have approximated those of similar institutions in the United States, 
the mortality has been no higher than at home (255 cases, 18 deaths, 
mortality 7.1 per cent). T’herefore, it seems safe to conclude that the 
type of typhoid infection now being encountered in the Philippines ts, 
under present conditions, no more fatal to the American than that met 
with in the United States. 


GROUP II. CASES WITH ILL-DEFINED FEVER OF LESS THAN TEN DAYS DUBATION. 


Nincteen out of the 157 clinical records (12.1 per cent) show a slight 
febrile movement lasting less than ten days with few symptoms and 
nothing characteristic on which to base a diagnosis. The true nature 
of these cases could be determined only by laboratory methods. In addi- 
tion to finding a clear-cut positive Widal reaction in all of the nineteen 
we were able to obtain by cultural methods the Bacillus typhosus from 
the stools of three and the urine of one other of this group. 

GROUP III. CASES WITII IRREGULAR FEVER OF LESS THAN TEN DAYS, DURATION, 
PROBABLY REPRESENTING THE LAST PART OF LATENT OR AMBULANT TYPHOID 
TYPES. 

Forty-two cases out of the 157 (26.6 per cent) presented an irregular 
temperature chart which resembled the last week or ten days of the 
classical typhoid curve. These patients were, in our opinion, suffering 
from a mild ambulant form of typhoid fever and came under observation 
only late in the disease. Such cases were particularly numerous in the 
Ludlow Barracks epidemic, constituting 33 per cent of the admissions, 
and many of them probably never would have come on sick report had it 
not been for ihe fact that the temperatures of all soldiers were being. 


` taken daily and every one with fever was placed in hospital for ob- 


servation. . 

In addition to obtaining positive serum reactions in all of this group 
we isolated Bacillus typhosus from the stools of 5 patients and from the 
urine of another. 
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GROUP IV, CASES WITH WELL MARKED CONTINUED FEVER LASTING MORE THAN TEN 
DAYS AND CLINICALLY TYPHOID, 

In this group there are 89 cases (56.6 per cent of the entire 157) which 
ran a febrile course of ten days or more and which in nearly every instance 
would be considered typhoid fever from clinical observations alone. The 
diagnosis was confirmed in each of these cases by the laboratory findings 
which for the great majority were positive Widal reactions and for the 
remainder cultures of Bacillus typhosus obtained from the blood or excreta. 
There were 4 positive urine cultures, 5 positive stool cultures and 15 
positive blood cultures from this group. i 

Based on clinical appearances we divided these cases as follows; typical, severe, 
18 (20.2 per cent); typical, moderate, 46 (51.7 per cent); typical, mild, 10 
(11.2 per cent); atypical, mild, (lacking a fastigium) 12 (13.5 per cent); 
atypical, severe, 3 (3.4 per cent): The clinical histories for many of these cases 
are deficient a3 regards the presence or absence of the less important symptoms and 
signs, therefore in the analysis which follows the percentage of occurrence for 
some of the minor features will be an underestimate. With all the clinical records 
there were well kept temperature charts which rendered easy a correct estimate 
of the febrile type of the disease. 

Onset of the disease.—The onset was sudden in 4 cases and gradual 
in the remaining 85. ‘The premonitory symptoms included headache, 
backache, pains in bones and joints, lassitude, anorexia, diarrhoea, abdom- 
inal pain, nausea, vomiting, chills, fever,.stiff neck, vertigo, and myalgia. 
They did not differ from those commonly encountered in the United 
States. Chills or chilliness were recorded in 10 cases. 

Febrile course.—The onset of the disease could be fixed with reason- 
able accuracy in all of these 89 cases. The lengths of the febrile reaction, 
collected in groups each covering a 5-day period, are shown below. 


TABLE XVI.—Duration of febrile course for 89 characteristic typhoid cases. 


[^ 


P Num- 


Per cent. Dnys. ber. Per: al 


Days. s 


Between 10 and 15 


8 8.98 || Between 31 and 35 _ 9| 10.13 

Between 16 and 20 ... -| 24 26.97 || Between 36 and 40 ....... 10| 11.24 
Between 21 and 25 -| .2ıl 23.60 | Over40 ..... 4| 4.49 | 
| Between 26 and 30 .... 13 14,61 Average, | 


The cessation of fever in all cases has been arbitrarily taken as the 
date after which the evening temperature did not rise above 37°.2 C. 
We believe that the above figures represent the minimum of febrile 
course and that possibly the real average was slightly longer as a result 
of the patients having been taken sick somewhat earlier than appeared 
upon the records. The average for our series was 25.1 days. For com- 
parison may be mentioned the 780 cases studied by the Spanish-American 
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War Commission where the average duration was 10.5 days(19) and 
MeCrae’s large series in America where the average was 31 days. 

The initial step-like increase of temperature characteristic of the early 
days in typhoid fever was rarely seen, the patients usually being well 
along the first week when they came under observation. A clearly marked 

- fastigium was the rule, being present in 71 cases, 79.7 per cent of the 
series. For 18 persons a definite fastigium was lacking, the morning and 
evening excursions of temperature being pronounced even at the height 
of the disease. The maximum range of fever is shown below. 

Never up to 39°.4 C., 9 cases. : Never up to 40°.5 C., 45 cases, 

Never up to 40° C., 26 cases, Never up to 41°.1 C., 9 cases. 

The decline of the fever was characterized by gradually increasing 
remissions, such as are observed in typhoid in the United States, and ` 
no chart was found showing. the unduly prolonged intermittent stage 
described by Rogers in India. : 

Recrudescences and relapses.—Recrudescences occurred in 4 cases (4.5 
per cent) the lengths of the febrile disturbances being respectively six, 
seven, ten, and eleven days. Relapses occurred in 7 cases (7.9 per cent) 
lasting nine, twelve, fifteen, sixteen, seventeen, twenty-four, and twenty- 
five days, respectively. One patient was desperately ill during the relapse. 

Pulse rate.—That the pulse rate was slow as compared with the tem- 
perature elevation was the almost universal experience, the disease in 
this respect conforming to the classical type in Europe and America, 
The low pulse rate was especially commented on by Lieutenant Dulin in 
the Ludlow Barracks epidemic where it rarely rose above 100 and was 
often normal at the height of the disease. 

A dicrotie pulse was recorded in 13 out of the 89 cases, (14 per cent). 

Symptoms of intestinal origin —Constipation was a marked feature in 
this series. Diarrhaa has been credited to each patient who showed 
abnormal frequency for the evacuations at any time during the disease 
but there were only 21 such cases out of 89, an incidence of 23 per cent. 
Fifty-one patients (57 per cent), were constipated and, in 13 (14 per 
cent), the bowel movements were of normal frequency. In 4 cases there 
was no record. The percentage with diarrhoea is slightly higher than 
that found by McCrae in his American series (17 per cent) but consider- 
ably lower than that met with by Rogers in India, where 63 per cent 
showed diarrhea at some period of the disease. Curschmann in Berlin 
found 73 per cent to have diarrhea at some stage of the disease. 

Since diarrhea is considered of bad prognostic significance(3) (19) it 
may be that its low incidence among our patients is related to the low 
death rate of 4.5 per cent which was met with in this series. 

Abdominal pain was noted as present in 13 of the 89 characteristic 
non-fatal cases, (14 per cent), was absent in 2 and there was no record 
for the remainder. Tympanites was recorded for 21 patients, (23 per 
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cent), was absent for 7, and for the remaining 61 there was no mention 
of this symptom. Vomiting at some time during the disease occurred in 
13 cases, (14 per cent). 

Hemorrhage was noted in 5 instances, 5.6 per cent of the entire 
group. Also it was the cause of death in one of the fatal cases not 
included in the series of 89. This percentage corresponds closely. with 
that found by Curschmann in Berlin ‘and Osler in Baltimore but is much 
lower than the experience of Rogers who records hemorrhage in 17 per 
cent of his Indian series. Perforation was seen only in the fatal cases, 
occurring three times. f : 

Symptoms referable to the nervous system.—lIeadache is recorded in 
40 cases, or 45 per cent. Delirium was noted for 10 patients, (11 per 
cent), stupor or coma for 7 (8 per cent), and subsultus tendinum in 
2 (2 per cent). Under this heading may be mentioned the complications 
occurring in four cases, two having developed post-febrile psychosis, one a 
multiple neuritis of the lower extremities and the fourth a condition of 
cardiac and nervous irritability. 

Miscellaneous signs and symptoms.—Rose spots were noted as present 
in 26 cases (29 per cent), absent in 6 (7 per cent), and in the remain- 
ing histories there is no mention. The spleen was enlarged in 18 cases 
(30 per cent), not enlarged in 11 (12 per cent), and ih the remaining 
cases the records are silent on this point. Cough was present in 10 cases 
and bronchitis is recorded in three. * 

Urine.—Albumen was present in the urine of 13 patients (15 per 
cent), was absent in 19 (21 per cent). Casts were present in 8 cases (9 
per cent) and absent in 19 (21 per cént). In the remaining cases there 
were no records of the urinary examinations. 

Complications and sequele.—Out of the 89 non-fatal cases the follow- 
ing complications and sequele were recorded; malarial fever, twice; 
catarrhal otitis media, once; phlebitis of the internal saphenous, once; 
bronchial spirochetosis, twice; multiple neuritis of the lower extremities, 
once; post-typhoid psychosis, twice ; cardiac and nervous irritability, once; 
intestinal hemorrhage, five times. ` 

Among the fatal cases, Group I. it will be recalled there were 3 cases 
of perforation and one of hæmorrhage. 


TYPHOID FEVER AMONG FILIPINOS. 


We have performed laboratory tests on 105 Filipinos suspected of 
having typhoid fever and obtained positive serum reactions in sixty. 
Bacillus typhosus was recovered. from the stools of three of these and 
from the blood of two. Twenty-one of the positive results were obtained 
from the San Fernando epidemic, and no case histories are available. 
From the remainder of the 60 we received clinical records for 26 patients 
of whom 1 died with perforation, 1 ran an entirely. atypical course, 12 
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apparently were received in the last week of a classical typhoid attack 
while the remaining 12 passed through a period of continued fever rang- 
ing from ten to thirty-nine days in length and averaging 29.6. 

These last 12 cases, which on clinical grounds alone appeared to be typhoid, 
are included in our Group IV. considered above, but will be briefly touched on at 
this point in order to determine if the disease in natives differs from that seen 
in the white man. All but two of these natives ran a febrile course of over 
19 days. The onset was gradual in all instances, Chills were noted for two 
patients. The temperature chart showed a well defined fastigium in seven cases 
and the fever ranged at the height of the disease between 40° and 41,°IC. 
Nose bleed occurred in three, rose spots in two, marked abdominal pain in four 
and tympanites in 7. Diarrhea was noted in 4, constipation in 5 and there 
was no record as to bowel movements in 3. As complications, hemorrhage oc- 
curred in two cases, post-typhoid psychosis in one and bronchial spirochetosis in 
two 

From a study of these cases it can be said that they did not differ from 
typical typhoid fever of moderate and severe type as seen among white 
men in the United States or in the Philippines. 

The atypical cases which constituted so large a proportion of the 
Filipino admissions in the Camp Gregg epidemic and occasionally else- 
where are of special interest because of their probable réle in spreading 
and keeping up infection. We have not had enough of them under 
observation to make any analysis of their symptomatology profitable. 
Rogers found such types in 17.8 per cent of his patients in India, this 
percentage being much lower than was seen in our series, Ilow com- 
monly these atypical cases occur in the general native population is one 
of the unsolved problems of tropical medicine. 

Summing up the clinical aspects, we found that more than one-third 
of the admissions were atypical and that the well marked cases of typhoid 
in the Philippines, whether the patients were while or native, differed 
in no essential respect from the same disease as seen in the United States 
and Europe. The experience corresponds in general with the findings of 
Rogers in India. The atypical cases were about equally common in the 
two races. 


RELATION OF BACILLUS TYPHOSUS TO THE SO-CALLED UNDETERMINED FEVERS. 


It seems to us that the most important point brought out by the 
clinical study of the cases is the frequency of occurrence in the Philip- 
pines of the short irregular and atypical forms of typhoid fever. Groups 
IT. and III. constituted 38.7 per cent of the entire 157 cases of typhoid 
infection. ‘These two classes of mild infections formed 45.6 per cent of 
the total admissions at Ludlow Barracks and 69.2 per cent of the ad- 
missions among the Scouts at Camp Gregg. Without laboratory exami- 
nations or the presence of a wide-spread epidemic, such as prevailed at 
Ludlow Barracks, few, if any, of these mild enteric fevers would have 
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received a correct diagnosis. "This clinical type of infection with Bacillus 
typhosus may account for a considerable part of the so-called undeter- 
mined fevers met with in the Tropics, the prevalence of which in our army 
is shown in Tables III and IV. The sanitary importance of detecting 
such atypical typhoid cases is obvious. 

Throughout our analysis we have been on the look-out for cases cor- 
responding with the description of Brill's disease but have seen none 
suggesting that condition or the recently described Manchurian 
typhoid. (24) 


DIAGNOSIS, PROGNOSIS, AND TREATMENT. 


In the well-marked cases of typhoid in the Philippines the diagnosis 
can be made by the usual symptoms and physical signs recognized in 
temperate climates. In the large group of short atypical fevers diagnosis 
is impossible without resort to laboratory procedures. The prognosis 
with favorable facilities for treatment is good, the mortality for the last 
few years, as shown above, being about 7 per cent and no higher than 
was seen in the United States. The study of our series suggested no- 
thing new in the direction of treatment. IIydrotheraphy was almost 
universally practiced and drugs were rarely used and only to relieve 
definite symptoms. ‘The diet in general was liquid and consisted largely 
of tinned milk. 


PART IV. A STUDY OF RECENT TYPHOID EPIDEMICS IN THE PHILIPPINES. 


Many epidemics of typhoid fever have been recorded among troops 
in the Philippines before this Board began the study of the subject. The 
outbreaks chronicled below are ones in the investigation of which the 
Board took a share, ‘The epidemic at San Fernando is of special interest 
in view of its occurrence in the native population of a town where there 
was no contact with an American garrison, the adjacent military post 
of Camp Wallace being occupied by native Scouts., 

SAN FERNANDO (UNION) EPIDEMIC. 


In July 1910 we learned that an epidemic fever was prevailing in San Fernando 
and a member of the Board (Captain Bloombergh) was sent to investigate. 
San Fernando has a population of 16,000 and is located on the coast about 240 
kilometers north of Manila. The municipal records show that cholera visited the 
town in 1908 and is eredited with 170 deaths. There are also recorded 34 deaths 
from intermittent fever, 26 from dysentery and diarrhea and 9 from menigitis 
for the same year. In 1909 there are recorded 45 deaths from dysentery and 
diarrhea, 12 from intermittent fever and one from meningitis. It is easy to sce 
how typhoid may have been masked by these diagnoses during 1908 and 1909. 

Statistics as to the amount of illness prevailing in 1910 were difficult to obtain. 
A native doctor said there were many cases and a mortality of 50 per cent. 
An intelligent priest reported much sickness but few deaths. An American 
teacher stated that out of an average enrollment of 392 children there have been 
28 cases of fever with 1 death. ý 
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We obtained blood specimens from 25 persons who admitted having had the 
fever during the preceding 3 months. Two of these were evidently dysentery, 
and from the remaining 23 we obtained positive Widal reactions in 20. In addi- 
tion one of the 18 speeimens also agglutinated Bacillus paratyphosus “B” while 
all gave negative reactions with Bacillus paratyphosus “A”, Thirteen other 
natives who furnished no history of fever gave negative serum reactions with 


typhoid and paratyphoid bacilli. 
Cultures were made from the stools of 4 of the school children ill with a 


febrile disease, and Bacillus typhosus was isolated from two. One of these two 
patients gave a positive Yidal reaction and from the other no blood was obtained. 
The sister of this last case had died with a disease of similar clinical nature. 
In one house visited there had been originally 11 occupants of whom two, both 
children, had recently died with fever. Eight others were sick at the same time, 
the mother alone escaping. : Of the 8 who had been ill 5 gave positive Widal 
reactions. These two instances show how the disease may have spread by contact 
but it must not be forgotten that in San Fernando, as in other Filipino towns, 
there is excellent opportunity for the spread of the disease by any or all of tl 
. recognized methods of infection. . 
Blood smears from 42 natives, inluding all of the cases recorded above as 
giving positive typhoid findings, were examined for latent malaria and no organ- 
isms were discovered. 
FORT MILLS (CORREGIDOR) EPIDEMIC. 


Three cases occurred on this island in December, 1910 and January, 1911. The 
first case was the wife of a white civilian employee. The next two cases were 
white soldiers, Two other soldiers suffering from continued fever also gave 
positive Widal reactions combined with negative cultural results from blood 
and stools. As these two men had received antityphoid vaccination, it is uncer- 
tain what the cause of their fever may have been. Several other soldiers with 
fever gave negative Widal reactions. A fourth case of undoubted typhoid in a 
native woman occurred in May, 1911. , 

The source of the infection in the above instances remains undetermined. 
The sanitary conditions on Corregidor were not favorable at that time because of 
the crowding and the great amount of construction going on. There was a 
large American garrison, a smaller force of Filipino troops and several thousand 
Bilibid convicts and native laborers engaged in work on the island. In addition 
many of the laborers had their families living in a village on Corregidor. The 
water supply was unsatisfactory in quantity and quality and the disposal of 
excreta was for the most part by dry earth closeta or even more primitive 
methods. 

CUARTEL DE ESPANA (MANILA) EPIDEMIC. 


Nine cases occurred in company “M” of the 26th Infantry, all being taken 
sick within one week, No cases occurred in any of the 7 other companies at 
the post. The sanitary conditions were very good at this station and were the 
same for all the companies, The cook for company “M” had a short fever and 
gave a positive Widal reaction. It was learned that two years before in the 
United States he had had a fever of a month's duration followed by a relapse 
also lasting one month. It was thought that he might be a carrier and respon- 
sible for the outbreak in his company. However, efforts to demonstrate the 
bacilli in his stools and urine were unsuccessful. The men attacked were not 
closely associated with each other in barracks so it seems probable that contact 
infection was not a factor in this epidemic. . 
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LUDLOW BARRACKS (PABANG) EPIDEMIC. 


During the years 1909 and 1910 a very extensive epidemic occurred at this 
post, there having been 80* admissions to hospital in & period of six months 
beginning October 1, 1909. The official population of the post for the period 
averaged about 850 persons. Two cases diagnosed as typhoid occurred earlier 
in the year, July and August, but whether these had any bearing on the susequent 
epidemic can not be determined. The admissions by months, including civilians, 
are as follows: 


TABLE XVII.—Admissions for typhoid fever at Ludlow Barracks, Mindanao. 


, 1900 — 1910 — 
Total. 


Au-| Octo- |Novem-|Decem-| Jan- | Feb- 
July. rust. ber. | ber. | ber vary. | ruary, | March. April. May. 


Admissions: 
Number... | 1| 1 47 8 4 8 12 n 0i 0j t8 
Per 3,000... 52, 69 3.45 6,51 | 3.58 | 12.15 |»12.64 |. sel 


Mean strengti 
of command, 


892 808 726 | 837 988 870 |... 


* See footnote 3. 

b These figures are based on an examination of the post records and the actual clinical 
histories. They differ from the figures in the office of the chief surgeon, Philippines 
Division, which showed 4 less cases for October, 1 less for’ December, 2 less for January, 
and 2 less for March, The differences are due to certain civilians not being included 
in the official records. 


At this point it may be of interest to note that the records of the post show 
that there was a small epidemic of enteric fever at Parang in 1902, the admis- 
sions having been as follows: 

June, 1; August, 1; October, 4; November, 6; December, 1. 

At the time of the occurrence of the 1909-1910 epidemic the sanitary condi- 
tions at the station, except for the water supply, were good. The post of Ludlow 
Barracks is located on an elevated, easily drained site, the grounds were well 
policed and the barracks and quarters were of modern construction. Excellent 
water closet and bath fixtures had been installed shortly before the outbreak, 
the outfall being in the ocean about 600 meters from the post. Flies were not 
common, this being the rule in the Philippines. 

At the time of the occurrence of the October cases the garrison had been 
stationed at Ludlow Barracks for a period greater than the longest recognized 
incubation period for typhoid fever, even granting that the early cases had been 
sick a couple of weeks before the disease was discovered. 

Distilled water was supplied for drinking, cooking, cleansing of the teeth, and 
for dish washing and its use enjoined by orders. There was no reason to think 


‘The Twenty-third Infantry, which formed the garrison at Ludlow Barracks 
during this epidemic, embarked March 20, 1910, on transport en route to San 
Francisco via Manila. At Manila ten suspects were transferred to the Division 
Hospital. Of these 4 proved to be suffering from typhoid. These should be 
included in the Parang epidemic, bringing the total' number of cases up to 80 
in six months. These 4 developing on the transport have been included in the 


11 admissions for March in Table XVII. 


326 CHAMBERLAIN. 


this water was contaminated. For flushing of closets and for bathing the supply 
. was obtained from the Nitwan river, a rapid mountain stream draining a country 
inhabited by Moros and but little known. The water was piped about the post 
and in the adjacent town of Parang which is largely frequented by the soldiers. 
That this water at times was used for drinking, dish washing, and cleansing of 
the teeth can not be gainsaid.(4) 

The Nitwan river is undoubtedly extensively contaminated with fecal matter. 
(T) It is a custom of the Moros to defecate in running water. That typhoid 
fever is by no means infrequent among the natives in Mindanao seems certain 
from the opinions referred to near the beginning of this report and from our own . 
work. The Nitwan water was examined at the times of the two visits made to 
the post hy members of the Board. No typhoid bacilli were isolated from it 
but its bacterial count was very high and it was extensively infected with the 
eolon bacilus. (5) (6) Examination of the dock water (piped from a spring-fed 
stream) and of the Alphonso XIII spring, which supplied the swimming pool, 
showed high bagterial counts and the presence of a few colon bacilli. 

The town of Parang is a small village immediately adjacent to the post and 
depending for its support entirely upon the American garrison. A series of 
serum reactions with Bacillus typhosus made by this Board during the epidemic 
on 84 of the inhabitants of Parang gave the following results; 


TABLE XVIII.—Widal tests on the inhabitants of Parang, Mindanao. 


Number i i | Bick at | 
€T] Positive | Negative i 
Race. red. PEN Hime of | 
Chinese j 8 ij 7 ol 
Japanese .. doc 139 $i 4 i 4 | 
Moros .. is 12 1: 1l; 01 
Hindoos d 1 1 | oi 
Filipinos ... 58 | 5; EE 1 
Total... a4} 13 | n] 5 


The five reported sick were all suffering from a disease clinically typhoid 
while two others who gave positive reactions had slight fever but no other 
symptoms. One of the latter was Japanese and the other a Filipino. A number 
of these sick persons were Japanese and Filipina prostitutes and their houses 
were still open to soldiers while the inmates were ill and not in any way 
isolated.(7) The opportunities to contract infections are obvious. 

Major Page, who was Surgeon at Ludlow Barracks during October, November, 
and December, in a report dated December 22, 1909, expressed the opinion that 
the epidemic was water-borne, the source of infection being the Nitwan River. 
He considered that the peculiar grouping of the cases in certain barracks was 
due to the Nitwan water supply having been first installed in those barracks, 
shortly before the outbreak. The evidence as to the coincidence of the dates 
of installing the pipes and the development of the cases in October seemed to 
us rather conflicting. During the later period of the epidemic, after Major 
Page’s departure, the same peculiar grouping of cases was evident although at 
that time the water was installed for all the barracks. 

The disease continued to occur after Major Page left Ludlow Barracks, flared 
up in March and April and then disappeared entirely following the departure 
of the 23d Infantry and a very complete and thorough disinfection of the 
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barracks before the new garrison entered them. This was carried out under the 
supervision of Major Clayton who believed the epidemic was spread by contact 
and not by water. 

This Board made two investigations of the epidemic, one in the fall of 1909 
and the other in the spring of 1910.(5)(6) From all the evidence at hand 
several months after the disease had entirely disappeared we concluded: 

(1) That the Nitwan river was badly contaminated with human excrement 
and that very probably some of the cases originated from drinking this impure 
water at a time when it contained Bacillus typhosus. There was no positive 
evidence to show how the first cases originated. 

(2) That the spread of the epidemic was due mainly to contact infection, 
including in this the probability of cooks or attendants infecting food while 
handling it in the kitchens and dining rooms. We based thia opinion mainly 
on the following facts: (a) The vast majority of the cases for the whole period 
of six months were peculiarly grouped in certain barracks, one group of adjacent 
organizations having few or no cases while another group of contiguous buildings 
had many cases. (b) The cases in Parang, where unboiled Nitwan water was prob- 
ably in very general use for drinking, were all among individuals coming in close 
personal contact with the troops. (c) No cases occurred among the officers and 
non-commissioned officers living in separate quarters. (d) Typhoid disappeared 
from among the troops at Ludlow Barracks following a change in the garrison 
and rigid disinfection of the buildings. The period of freedom has now been 
over a year.“ (e) There was complete failure to suppress the epidemic by means 
of stringent measures based on the water borne theory. 

The dates of admission of the cases to hospital largely supports the contact 
theory, but too much reliance should not be placed on this point since the 
clinical records indicate that many men had been sick between one and two 
weeks before going on sick report. 

Efforts were made to locate typhoid bacillus carriers but without success. 

A more extended discussion of some features of this epidemic can be found 
"in the references (4), (5), (6), and (7). A “spot map” of the post and the dates 
of admission are on file in the offices of the Surgeon General of the Army and the 
chief surgeon, Philippines Division under the heading shown in reference.(6) 
The clinical aspects of the Parang epidemic are of considerable interest as 
possibly showing a rather unusually large percentage of extremely mild cases. 
The diagnosis in all cases was made as a result of a positive Widal reaction 
{1 to 50 in one hour), nearly all of these serum tests having been performed by 
members of the Board. None of the patients considered had ever received anti- 
typhoid vaccination. In several instances the blood, stool or urine cultures 
were positive for Bacillus typhosus. On many soldiers suffering from alight 
indispositions the Widal reaction was tried with negative resulte. 

Including the July case and the 4 cases detected after the 23d Infantry left 
Parang we have clinical records of 81 patients in whom there was a positive 
Widal reaction. Of these three died, a mortality of 3.7 per cent, One showed 
at autopsy “congestion and slight ulceration” of Peyer's patches. He apparently 
died of overwhelming toxemia about the 17th day of the disease. The second 
patient died of toxemia on the 22d day and at autopsy showed the character- 
istic intestinal lesions of typhoid. The Bacillus typhosus was isolated from the 


‘Eight months after the epidemic ceased one case of typhoid was admitted 
to the hospital. The patient was a native. Three months later an American 
civilian was admitted with typhoid fever and two months after this another 
native, the latter coming from a neighboring barrio, 
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heart blood. The third case died of general peritonitis following perforation of 
the ileum, Autopsy showed enlarged and ulcerated Peyer's patches. 

Forty-one cases, constituting 50.6 per cent of the whole, show on the chart 
a continued fever ranging from sixteen to forty days and averaging 26.4 days. 
The temperature charts of 33 were classed as typical of typhoid, showing a well 
marked fastigium which averaged 38°.8 C. in three cases 39°.4 C. in seventeen, 
40° C. in twelve, and 40°.5 C. in one. 

Diarrhoea was noted in 11, constipation in 21 and regularity of the bowels in 
9. Rose spots were recorded in 7 cases and dierotie pulse in 6. Complications 
occurred in the shape of multiple peripheral neuritis in one and post-typhoid 
psychosis, requiring transfer to the United States, in another. 

In this group of 41, Bacillus typhosus was recovered from the blood of two, 
the stools of two and the urine of one. 

The records of 27 of the cases (constituting 33.3 per cent of the whole) 
showed temperature curves which resembled the last week or ten days of a 
typical typhoid chart. In.one of these 27 cases Bacillus typhosus was isolated 
from the stool, in another from the urine. It is believed that these patients had 
been suffering from a mild attack of typhoid fever for periods ranging from 
five to fifteen days before admission to hospital. 

A third group consisting of 10 cases (12.3 per cent of the whole) presented 
trivial rises of temperature lasting for a few days and bearing no resemblance to 
the classical typhoid fever chart. All showed clear-cut serum reactions and from 
the stools of 3 the Bacillus typhosus was recovered. There is no reasonable doubt 
that all were suffering from extremely mild and atypical typhoid fever, or, else 
were just at the end of an attack which had never caused them to be excused from 
duty. Their actual appearance on sick report was not due to their own volition 
but was the result of the general taking of temperatures and admission to hospital 
of all who showed any degree of fever. 

Of the 81 cases considered above 3 were natives and the remainder Americans. 
The total number considered (81) does not.include the 5 cases in the adjacent 
town of Parang and referred to in Table XIX. à li 

Taken as a whole, the epidemic was characterized by constipation, absence of 
haemorrhage, very slow pulse, rarely over 100 and often normal, by a large 
ratio of very mild or ambulatory cases, and by a low mortality, 3.7 per cent. 
An analysis of the October epidemic was made by Lieutenant Charles T. Dulin 
and of the whole period of the epidemic by Lieutenant Clarence E. Fronk. 


CAMP ELDRIDGE (LOS BANOS) EPIDEMIC. 


Eleven cases of typhoid fever occurred at this post during July and August, 
1909, the garrison consisting of 4 companies of the 7th Infantry. The cases 
were quite evenly distributed. One patient was a commissioned officer and of the 
10 enlisted patients 4 came from “C” company, 3 from “A” company, 2 from "B" 
company and ! from “D” company. 

The post of Los Bafios is situated on an elevated, well-drained site. The 
earth closet system was in use at the time of the epidemic. The water for 
drinking purposes was boiled. That for bathing is derived from a stream, the 
intake being a considerable distance up on Mount Makiling.- The possibility of 
ita having been infected can not be excluded. An effort made at this laboratory 
to find carriers among the company cooks or elsewhere in the command was 

s unsuccessful, The garrison left Fort Wayne, near Detroit, (where typhoid is 
said to have been common) on April 30, 1909, and arrived at Camp Eldridge on 
Tune 6, 1909. The first case of typhoid fever entered hospital July 3, 1909. A 
study of his chart and of the charts of the next two cases, admitted July 9 and 
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10 respectively, would indicate that the patients came into the hospital in the 
first few days of their typhoid course. It appears, therefore, that the infection of 
these first cases was gained after the troops arrived at Camp Eldridge. As far ' 
as could be learned, there was no typhoid fever in the adjacent town of Los 
Baños except for the case of a soldier who while on furlough had been living 
at the hotels in Los Baños and developed typhoid there. He subsequently died 
of the disease in the Division Hospital.(8) The ice and bottled waters produced 
by a commercial company in Los Baños fell under suspicion, since they were in use 
among the soldiers. Samples of the bottled products examined by the Bureau of 
Health in Manila were negative for the bacillus of Eberth. 

It was found impossible to locate the origin of the epidemic, Its manner of 
spread was not definitely determined but was very probably due to flies which 
were numerous at that time and may have carried the organism from the dry 
earth closets infected by the first case. ` ; 

Of the 11 cases reported as typhoid 10 presented temperature charts with 
febrile periods ranging from twelve to forty-one days and averaging 23.1 days. 
All but one of these showed a well-marked fastigium. From the blood of 4 the 
Bacillus typhosus was isolated, four others gave positive Widal reactions and in 
the two remaining cases no Widal reaction was performed but the diagnosis was 
clear on clinical grounds. . 

The eleventh ense diagnosed as typhoid is of a doubtful nature. The tem- 
perature curve is not characteristic and one Widal reaction and one blood culture, _ 
both done on the llth day, were negative. 

A large number of mild cases of fever occurring in the command at the time 
were negative for Widal reaction and blood culture at the Laboratory of the 
Bonrd for the Study of Tropical Diseases. As dengue was epidemic in the post 
at the same time as the typhoid outbreak, the number of cases requiring labora- 
tory observations was considerable. 

The progress of tho disease in this epidemic was characterized by lassitude, 
headache, constipation, rose spots, enlarged spleen and dierotie pulse.. The 
charts indicate that constipation existed in 7 patients, regularity in, 1, and 
abnormal frequency of bowel movement in two, Abdominal pain was marked in 
one case, delirium in another and intestinal hemorrhage in two. ‘There were no 
deaths. 

CAMP GREGG (BAYAMBANG) EPIDEMIC, 


Fifteen cases of typhoid are recorded among the Philippine (native) Scouts 
at this post between November 26, 1909, and April 5, 1910. Thirteen of these 
gave positive Widal reactions at the laboratory of the Board. As the other 
two had an irregular fever and as Widal and stool cultures were negative, we 
have excluded them from consideration. * 

This epidemic is of much interest because the entire command at this post is 
native with the exception of the commissioned officers and a half dozen non- 
commissioned staff officers. " 

The post is built on a slight elevation, located in a broad, poorly drained 
plain. The region is very malarious. The barracks are in rather poor condition. 
Feces nre disposed of by the dry earth closet system. Flies are not common. 
Drinking water is distilled. Water for bathing is piped over the post and drawn 
from the Agno River, a muddy and badly contaminated stream, There is no 
doubt that the Scouts frequently drink this water in the post and in the town of 
Bayambang, which adjoins the post. Lieutenant Huber in his report of the epi- 
demie expresses the opinion that typhoid is constantly present in Bayambang and 
states that, he has seen several cases in the families of Scouts living in the town. 
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The clinical histories of these cases are very meager, but the charts show some 
points of interest. Two of the cases are classed as typical typhoid, the febrile 
course being at least twenty days in one and nineteen in the other. There was 
a well-marked fastigium. One ease had a relapse of twelve days’ duration and 
the other a post-typhoid psychosis. Two others might have been diagnosed clinic- 
ally as very mild typhoid, the febrile period after entry to hospital being between 
ten and twelve days and the temperature curve not typical. The nine remaining 
cases showed fever for a week or ten days and may well have been either entirely 
atypical or the last portion of a typical typhoid chart. 

The stools during convalescence were negative in these thirteen cases and 
cultures from small quantities of blood taken from several in the earlier part 
of the disease were negative. The specific diagnosis of typhoid rests solely on 
positive agglutination reactions with Bacillus typhosus. We might question the 
certainty of this method of diagnosis in the atypical cases were it not for the 
following points: (a) Two of the cases gave first a negative reaction followed a 
few days later by a positive one, (b) Many Scouts at the post during the same 
period who were suffering from mild fevers reacted negatively. (c) We have done 
Widals on several hundred healthy natives and only rarely have obtained a 
positive reaction. 


The writer as representative of the Board at the present time, wishes 
to acknowledge his obligations to the many medical officers at the 
Division Hospital and throughout the Philippine Islands who have 
furnished the materials for the laboratory studies and the clinical records 
for the analysis, and also to the former members of the Board who did 
a large part of the laboratory examinations on which this report is based. 


PART V. CONCLUSIONS. 


1. Typhoid is a widely scattered and common disease in the Philip- 
pines; its incidenee in Manila is above the average rate for the United 
States and is exceeded by only a few of the worst American cities; 
the average admission rate among American soldiers in the Philippines 
exceeds that for the troops serving in the United States; medical officers 
from many regions report its frequent occurrence among the Filipinos. 

9. The statistics from the Filipino (native) Scouts show a much 
lower typhoid rate than for white troops, possibly due to failure to 
diagnose the atypical cases. 

3. Widal reactions performed on ihe blood of 591 healthy Filipinos 
suggest a comparatively recent attack of typhoid in about 6 per cent 
of adults, but do not indieate that the disease is prevalent in childhood. 

4. Many epidemics have occurred among soldiers in the Philippines 
and three outbreaks among natives have been studied. Epidemics of 
great severity among the Filipinos are either rare or unnoticed. ^ 

-5. The occurrence of the disease in the Philippine Islands is quite 
evenly distributed throughout the year. The incidence is least in the 
second quarters. : 

. 6. The appearance of the Widal reaction in typhoid fever in the 
Philippines is not as a rule delayed. 
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7. Paratyphoid organisms are occasionally isolated in the Philippines. 
8. The leucocyte count in typhoid remains normal for whites and 


is slightly inereased for natives. The differential count is normal 
for both races. 


9. The mortality for white troops in the Philippine Islands during 
the last five years has been no higher than at home. It appears some- 


what higher for Filipinos but this may be due to failure to diagnose 
all the mild cases. 


10. More than a third of the cases of enteric fever, whether among 
Americans or Filipinos, are entirely atypical and can not be diagnosed 
without laboratory methods, 


11. Over one-half of the cases occurring in the Philippine Islands can 
be diagnosed clinically and differ in no essential particular from typhoid 


fever as seen at home. This is true for both American and Filipino 
cases, 


12. Much work still needs to be done among the natives to estimate 
the actual amount of mild and atypical typhoid which is oceurring 


and to determine why extensive and destructive epidemics ‘are not more 
often seen. 
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ILLUSTRATION. 


Map showing the distribution of typhoid fever in the Philippine Islands in so 
far as it has come under the observation of the military authorities. 
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THE WASSERMAN REACTION IN SYPHILIS, LEPROSY, AND 
YAWS.! 


By Horace D. BLOOMBERGH.? 


(From the United States Army Board for the Study of Tropical Diseases as they 
Exist in the Philippine Islands.) 


These observations were undertaken with a view of determining if 
the Wasserman reaction could be obtained in certain tropical diseases 
in which it has been reported by some authors to be positive. Owing 
to a scarcity of material at the time the work was being done we were 
able to examine only two cases of yaws. The methods we employed for 
making the tests followed in general the original procedure of Wasser- 
man except as regards the antigen, which was prepared from normal 
guinea-pig heart. 

Sheep are not slaughtered in Manila and fresh sheep’s blood from different 
animals can not therefore be obtained. The cells used in all our tests were 
obtained at different times as needed from the blood of the same sheep. Only 
during the last series of tests did the suspicion arise that the sheep had 
been bled too frequently, and therefore the cells were fragile and less resistant 
than usual to the combined influence of amboceptor and complement. The cells 
were thoroughly washed and used on the same day as prepared. The dose was 
1 eubie centimeter of a 5 per cent suspension in 0.85 per cent salt solution. 

The complement was the serum of a guinea pig killed on the day of the test. 
In this factor we found great variation in concentration, At times the serum 
was found to be almost devoid of complement. On several occasions we attempted 
to preserve the complement by the addition of sodium chloride according to 
the method of Hecht(1) but without good results, The dose of the complement 
was 0.1 cubic centimeter, or, as employed in actual practice, 1 cubic centimeter 
of a 1: 9 dilution, in salt solution. 

The hemolytic amboceptor was the inactivated serum of a rabbit which had 
been immunized by successive doses of well-washed sheep cells. As a rule, we 
have used the ambocepter in the dilution of 1: 600. Our practice has been to 
take at least twice the amount which, with 0.1 cubic centimeter of complement, 
completely hemolyzed 1 cubic centimeter of a 5 per cent suspension of blood cells 
in one hour, requiring, however, complete hemolysis with the quantity used in 


' Read, by permission of the Chief Surgeon? Philippines Division, before the 
Eighth Annual Meeting of the Philippine Islands Medical Association at Manila, 
P. L, February 22 to 24, 1911. 

? Major, Medical Corps, United States Army. 
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one-half hour. The invariable dose was one cubic centimeter of the diluted serum. 
The amboceptor has remained stable for over four months, preserved after in- 


activation in sealed ampoulles. 

The blood serum of the patients as a rule was removed from the veins at the 
bend of the elbow on the day preceding the test and the serum from the clot , 
was inactivated on the same or following day. It was found later that 0.6 or 
0.8 eubie centimeter of serum could be obtained from the blood removed by deep 
puncture from the finger and collected in small tubes. The serum resulting from 
the clot was centrifugalized and later placed in similar small tubes, floated on 
corks in water and inactivated. All inactivation was done at 55° to 56° C. for 
one-half hour, The serum at first was tried in the two doses of 0.1 and 0.2 
cubic centimeter diluted with the necessary quantity of salt solution, Later the 
dose of 0.2 cubic centimeter was used exclusively. 

The antigen was made by grinding guinea-pig heart together with sand in a 
mortar and adding to this 50 cubic centimeters of 95 per cent alcohol. This 
was heated to 60° C. for two hours, shaken from time to time, and then filtered. 
The dose was found to be 0.1 cubic centimeter, twice this amount inhibiting 
hemolysis. The antigen has apparently remained a constant factor. 


The actual technique of the reaction as carried out by us does not 
differ from that usually employed. ' On all occasions on which the reac- 
tion was made, a positive syphilitic and a normal serum were used as 
the main controls of the effective specific action of our reagents. The 
sera were likewise tested to determine whether they, independently of 
the antigen, bound the complement or whether they were actively hamo- 
lytie with cells alone, or in the presence of complement. While it was 
found in actual practice that one hour was a sufficient length of time 
for the reaction, the final reading was always made at the end of two 
hours after the addition of the hemolytic amboceptor and red blood 
cells. ` 

At the time of our preliminary titration to establish the strength of 
our amboceptor, we made controls of cells plus complement, amboceptor 
and antigen, to show that the antigen did not inhibit hemolysis; and 
of cells plus complement and of cells plus amboceptor to show that 
haemolysis did not occur under these conditions. : 

It is to be noted first of all that the results reached by us depend on 
the action of an antigen derived from normal heart and the question 
of the specificity of action of our antigen comes immediately into 
question. For our tests we have been unable to obtain syphilitic fetal 
organs in the city of Manila, and we may add that the work of others 
being conducted along lines similar to our work at the present time in 
Manila, is likewise undertaken with a similar antigen from normal 
organs. In July, 1910, Wasserman(2) still advocated the use of syphi- 
litie organs in the preparation of the antigen and the good results 
reached by Dean(3) on the reaction in idiots, referred to by Wasserman 
in his address, might indicate that in certain lines of research such an 
antigen is still a necessity. Bayly(4) used an alcoholic extract of 
rabbit’s heart and obtained as good results as with an alcoholic extract 
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of foetal syphilitic liver. The question is far from being decided but 
the weight of evidence would seem to indicate that extracts of syphilitic 
organs are not superior as specific antigens to the extracts of normal 
organs. i 

In all, 95 cases have been examined by us. Of these the following 
76 gave negative results: 


Seventy-sir cases showing negative Wasserman reactions. 


Num- Num- 
ber Clinical condition, ber Clinical condition. 
cases, cases, 
18 | Leprosy. 1| Exophthalmie goitre. 
1? | Syphilis or suspected syphilis, 1 | Otitis media chronio. ` 
9 | Syphilophobia, 1| Pemphigus, 
5 | Dysentery, amcbie, chronic. 1| Rheumatism, museular. 
2 | Dysentery, ammbic, acute. 1 | Gastritis, alcoholic, 
1 | Dysentery, bacillary, acute. 1| Neurasthenia and syphilopho- 
2 | Rheumatism, articular chronic. bia. N 
1 | Iritis. 2| Dengue. 
1| Malaria, tertian, acute. 1 | Ulcer of the leg. 
1 | Rodent ulcer. 1 | Fever, type undetermined. 
1| Liver abscess. 1 | Osteoma of the tibia. 
| 3 Buspected leper. 6 | Healthy Filipinos. 


It will be observed that in the above list a certain number of cases 
are tropical diseases of a protozoal or presumably protozoal nature. It 
was our desire to work particularly on the reaction as applied to tropical 

` diseases, but we have failed to obtain the material which we most desired. 

Apart from the syphilitics enumerated in the table our negative 
results have not been disappointing, and are entirely in agreement with 
our ideas of the results of Wasserman reactions properly carried out. 
Many of the cases were taken from the ward for normal controls, but 
on account of the habits in general of many of our patients, we habit- 
ually used several normal controls at each examination. . 

Certain cases were examined for purposes of diagnosis, notably the 
two following: 

A case of ulcer which gave a history of a sore of eighteen months’ duration 
on the dorsum of the nose. The first examination made of this patient's serum 
showed a slight inhibition of hemolysis; 'subsequent examinations proved that 
the case was negative. Long continued mercurial treatment had no effect on 
the eondition, and the case was considered to be one of rodent ulcer. 

A case of osteoma of the right leg, which gave a history of à ehaneroid or 
soft sore on the penis in 1901 and no history of secondaries or any other symptom 
or sign of syphilitic infection. The man noticed a swelling of the right shin 
in 1905 and states that occasionally it aches but as a rule he had no trouble 
in any way due to its presence. The soldier is married and his wife has two 
healthy children. Until the Wasserman test was used it was thought the tumor 
waa very probably a syphilitic periostitis. 
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The seventeen cases in which clear luetic histories were obtained, but 
which gave a negative Wasserman reaction were, to a certain extent, 
disappointing, although the results were not out of accord with the 
findings of some other observers, as will be shown in the discussion a 
little further on. ‘The three following are of interest among ihe syphi- 
lities who gave negative reactions, 


One case was a patient who had severe general rupial lesions and whose 
serum was examined one week after the administration of Salvarsan (“606”). 
The ease reacted negatively. However, it must be stated that the patient had 
been for a long time on very vigorous treatment with mereurials. He had not 
previously been examined with the Wasserman reaction because of our frequent 
negative results in cases under treatment, 

Another, which had been under mercurial treatment only three or four days 
reacted megatively. This soldier originally had a chanere in the inner canthus 
of the eye in which one of the Board had demonstrated Treponema pallidum. 
The reaction was made shortly after the appearance of a rash. Whether the 
absence of the reaction was due to an insufficient liberation of antibodies, or to 
the treatment received we are of course unable to say. 

A third case of more than passing interest was that of right-sided hemiplegia. 
This undoubtedly was a syphilitic condition occurring as it did in a young man 
who gave a history of a typical primary lesion, the usual secondaries, an iritis, 
and finally, almost two years after infection, a hemiplegia with aphasia. This 
patient had been thoroughly under treatment with mereurials and iodide, par- 
ticularly for the month or so preceding transfer to the Division Hospital. The 
Wasserman reaction was negative. That the condition was really syphilitic was 
demonstrated to our satisfaction by the marvellous improvement which the patient 
showed after treatment with Salvarsan. 


The remaining fourteen syphilitic cases which gave negative reactions 
had all been under treatment for several months. 


A symposium on the theory and workings of the Wasserman reaction was 
held at the Seventy-eighth Annual Meeting of the British Medical Association, 
and on this occasion Wasserman(2) made some statements which are pertinent 
at this point. He said exhaustive investigations have shown that in the majority 
of recent cases we can cause the disappearance of the reaction through quicksilver 
treatment. Ehrlich’s new arsenic preparation appears to cause in & higher per- 
centage the disappearance of the reaction; whether permanently or not can not 
„yet be decided. 

Mulzer,(5) working both with the original Wasserman procedure and with a 
modified method, has demonstrated that during a mercurial course the serum 
reaction may change frequently from positive to negative and again to positive 
at intervals and concludes that it can not be used to determine the sufficiency 
of a cure, and that for diagnostic purposes it should not be utilized during of 
immediately after a course of mereurial treatment. 

It is useless to repeat the various reports in the literature which show the 
poor results that are obtained in attempting to secure positive reactions with 
treated cases of syphilis. Harrison(6) quotes various authors who have proved 
that heated serum loses its deviating power to a certain extent. lle found that 
after heating for ten minutes at 55? C. the complement for hemolytic amboceptor 
was lost and that in well-treated latent cases a considerably higher percentage 
of positive ‚results were obtained by this method than with the same serum 
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heated for thirty or sixty minutes respectively. If this is confirmed, an improved 
technique in this direction may result for the investigation of the sera of treated 
cases, We note in his table of results(7) the statement that of 151 cases of 
secondary syphilis, 136 were positive; 15 were negative, and, in a footnote, he 
says that 13 of these negative ones had received at least one course of inunctions 
or injections, ` d Ý 


The following is a list of our twenty cases which gave a positive 
Wasserman reaction. ; 


Twenty -cases showing positive Wasserman reactions, 


l Num- Num- { 
ber of Clinical condition. i| ber of Clinica} condition, i 

| cases. : | cases. | 
| 5 | Syphilis secondary. i 1| Dementia precox. 

i 7 | Syphilis tertiary. il 1 j Periostitis, chronic. 

h 3° Leprosy, ! 1} Rheumatism, acute articular i 
| | (probably syphilitie). | 
a i 


2 | Yaws. 


The small percentage of positive results obtained by us in cases of 
leprosy was referred to briefly in the last quarterly report of the Board. 
We stated then that 18 out of 21 cases were negative, and that of the 
three positive, one gave a clear history of syphilis of seven years’ duration. 
The two remaining positive cases passed from observation and we unfortu- 
nately were unable to make inquiry from them as to the existence of 
syphilitic infection or infection with yaws at some previous time. 


Wechselmann and Meier(8) have recorded one case of leprosy in which the 
reaction was positive, using extract of syphilitic liver. The case had originally 
been considered syphilitic, but later lepra bacilli were demonstrated in the lesions. 

Eitner,(9) after having obtained a positive reaction in a case of leprosy with 
a watery extract of leprous tissue, later secured in a second case a positive 
reaction using as an antigen an alcoholic extract of normal guinea-pig heart. 

Cases referred to frequently in the literature are those of Slatineamu and 
Danielopolu.(10), (11) Their first report referred to 26 cases of leprosy examined 
by means of leprous antigen and of these 20 were completely positive and 4 
more were reported positive, although the complement fixation was less com- 
plete. With alcoholic extract of syphilitic liver their results were different. 
Of 2) cases examined, 11 were “completely positive,” 5 apparently less so, and 
the remainder negative. At present the general tendency of workers on the 
Wasserman reaction is to deal with positive and negative reactions only, al- 
though’ occasionally the importance of partial reactions is emphasized. In this 
connection we might add that almost invariably our results have been distinctly 
positive or negative and only in rare instances has there been a partial arrest 
of hemolysis in negative cases, ` M 

Baermann and Wetter,(12) working in Sumatra, found that there was about 
7 per cent of manifestly syphilitic individuals present among:their laborers 
and that about 20 per cent of apparently healthy workmen gave a positive 
Wasserman reaction. Their percentage of positive reactions in leprosy varied 
between 50 and 65 per cent, the difference depending upon the type of leprous 
lesions present. Syphilitie antigen was used in their tests. 
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From our own limited experience we consider it doubtful if a posi- 
iive Wasserman reaction is to be obtained as a result of infection with 
the Bacillus lepre. - Before attributing a positive reaction in a leper to 
his leprosy alone it is necessary to consider the possibility not only of 
syphilitic taint but also of. present or antecedent frambeesia. This latter 
is especially important when working with leprosy in those parts of the 
Tropica where yaws is prevalent. Recently, we have seen a Filipino 
leper who also showed typical lesions of yaws. 

In yaws we were able to make observations on only two individuals. 
The serum of one case was forwarded to us by Lieutenant J. R. Barber, 
Medical Corps, from Corregidor Island, and came from a young Fili- 
pino adult in the active stage of the disease. The diagnosis was based 
on the clinical appearances and on the presence of Treponema pertenue 
in the nodules. The second serum was obtained from a ten-year-old 
boy who had long been a frequenter of the skin clinic at St. Paul’s Hos- 
pital in Manila. Both of these sera gave the same strong inhibition of 
hemolysis that we obtained from our untreated: syphilitic cases. The 
finding confirms the results of many others who have tried the serum 
reaction on yaws. It will be of interest to add that seven days after 
treatment with “606” in the Philippines General Hospital, to which 
we had transferred the boy and where we obtained the blood a second 
time through the courtesy of Dr. Donald Gregg, the serum reaction of 
the second case remained positive. Evidently the time was not suffi- 
ciently long for the substances in the blood arising from the activities 
of the Treponema pertenue to disappear. Incidentally, the recovery in 
this case was remarkably rapid, although the boy had done very poorly 
on the iodide of potash treatment given him at the clinic over a period 
of more than a year. . 

Of the syphilitic cases which gave positive serum reactions few had 
ever been on mercurial treatment and not one had been recently treated. 
Four cases gave negative histories of previous syphilitic infection and 
in two the diagnosis could not have been made without the aid of the 
Wasserman reaction. : 

One patient had been transferred to the Division Hospital with the diagnosis 
of chronic periostitis, cause unknown, and had heen on sick report at intervala 
during the preceding eight months, the total period of disability being more 
than three months. The diagnosis of syphilis was made by us on the strength 
of a positive Wasserman reaction. The condition began to improve shortly after 


' the inauguration of mercurial treatment and the soldier was subsequently re- 


turned to duty. ; 

A second man, “C. P." had been transferred to the Division Ifospital with 
the diagnosis of malarial fever after a considerable time on sick report. There 
were no signs or symptoms in this case other than the’ presence of fever, and 
the serum was tested in the expectation of obtaining a negative result. The - 
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reaction was positive. The therapeutic test confirmed the diagnosis of syphilis 
as the febrile condition disappeared promptly on the institution of mercurial 
treatment. y . j 

The third case gave a history of previous syphilis. One thumb, showing 
rupial ulceration, had been removed on account of the resemblance of the lesion 
to carcinoma, and the failure of the condition to improve on mercurial treatment. 
This case gave a good Wasserman reaction in spite of previous treatment with 
mercury and after an intravenous injection of Salvarsan, the rupial condition, 
which was then general, disappeared promptly. 


Altogether the Board has been pleased with the practical results of 
the Wasserman reaction and it is a matter of regret that we were unable 
to make a wider use of it in our study of tropical diseases because of 
difficulty in securing suitable material at this time. 

In conclusion, acknowledgment is made to the various officers of the 
Division Hospital, particularly Captain Snyder and Lieutenant Shields, 
from whose wards the majority of our patients were secured, for kindly 
coöperation and many courtesies extended. 
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. REVIEW. 


Practical Bacteriology, Blood Work and Animal Parasitology including Bac- 
teriological Keys, Zoological Tables and Explanatory Clinical Notes. By 
E. R Stitt, A. B., Ph. G., M. D., Surgeon, U. S. Navy; Graduate London 
School of Tropical Medicine; Associate Professor of Medical Zoölogy, Phil- 
ippine Medical School. * * * Second edition revised and enlarged with 
91 illustrations. Cloth. Pp. 345, Price, $1.50. Philadelphia: 'P. Blakis- 
ton's Son & Co., 1910. : 


The reviewer's prejudice against all pocket manuals is strong. Asa 
rule they contain nothing but what may be had in the larger works, and 
in the attempt to abridge it becomes a task to know what to omit and 
what to include. Asa result many important facts are omitted, others are 
only partially stated, if not actually given a wrong setting, and hence 
the student receives a wrong conception. of the actual facts in the case. 

While the volume under consideration is no exception to the above 
criticisms, still it contains some things that the student will not readily 
find elsewhere. It is more than a compilation of facts from larger works. 
'The author has drawn extensively from his wide experience as a clinical 
laboratory worker and teacher, both in the temperature zones and in the 
Tropies, which gives the book a different setting from the ordinary pocket 
manual, and forms the real worth of the volume. The reviewer would not 
recommend it as a text-book, but the busy interne in the hospital and the 
practising physician would find it helpful and suggestive. 

V. L. A. 
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